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nABSTRACT
This t h e s i s  con ta ins  r e s u l t s  o f  an evalua tion  of  the s p e c t r a l  
s ig n a tu re s  o f  v e g e t a t i n r  communities recognised on m u l t i s p e c t r a l  
photography,  a t  s ca le s  of  1:15,000 and 1:5 ,000,  in North West 
Queensland,  A u s t r a l i a , , w i t h  r e f e r e n c e  to  s p e c i f i c  environmental  p a r a ­
m ete rs ,  no tab ly  bedrock m i n e r a l i z a t i o n ,  and microdensi tometer  o p t i c a l  
den s i ty  measurements.
D e ta i led  g round- t ru th  info rmation  ob ta ined  fo r  the e v a lu a t io n  
inc luded  p l a n t  spec ies  frequency  record ing  and p lan t  and so i l  sampling 
along a s e r i e s  of  t r a n s e c t s  lo c a te d  across  known m inera l ized  zones and 
across  s p e c t r a l  anomalies d e tec te d  on the photography. Overlays o f  
the  sp e c t r a l  s ig n a tu re  u n i t s ,  inc lud ing  those subjec ted  to  enhancement 
t e chn iques ,  were prepared  and c o r r e l a t e d  with the g round- t ru th  data 
and a number o f  microdensi tomete r  scan l i n e s  measuring the op t i ca l  
d en s i t y  w i th in  each o f  the e i g h t  s p e c t r a l  bands of  the m u l t i s p e c t r a l  
photography.
The s p e c t r a l  s ig n a tu r e s  of  v e g e t a t i o n ,  and e s p e c i a l l y  the  d i s t i n c t  
s p e c t r a l  s ig n a tu r e  of  g eo b o ta n ic a l ly  anomalous p lan t  communities 
forming su r face  express ion  o f  m inera l i zed  bedrock and r e l a t e d  geo­
chemical so i l  anomalies,  are  b es t  d isp layed  on f a l s e  co lour  i n f r a - r e d  
photography which covers the  v i s i b l e  and near i n f r a - r e d  p a r t  o f  the 
spectrum in which p la n t  r e f l e c t i v i t y  i s  most s e n s i t i v e ,  consequently  
y i e l d i n g  most in formation .  Ground-truth  i n v e s t i g a t i o n s ,  confirming 
the i n t e r p r e t a t i o n  o f  i n f r a - r e d  s p e c t r a l  s ig n a tu r e s ,  reveal  the 
composition of  anomalous and background vegeta t ion  un i t s  and in d i c a t e
mthe in f luence  of  the mineral  s t a t u s  of  the  s o i l ,  r e l i e f ,  d rainage  and 
l i t h o l o g y  on p l a n t  spec ie s  d i s t r i b u t i o n .
Over m inera l i zed  t e r r a i n ,  h ighe r  r e f l e c t i v i t y  in a l l  sp e c t r a l  
bands and e s p e c i a l l y  the  t r u e  co lour  green,  panchromatic green and 
f a l s e  co lour  i n f r a - r e d  a r e  recorded by microdens i tometer  o p t i c a l  d en s i ty  
measurements which p o s i t i v e l y  c o r r e l a t e  with the above average 
c o n c e n t ra t i o n s  o f  metal in the  i n d i c a t o r  p la n ts  and su r fa c e  s o i l s .
In the  s em i -a r id  environment o f  North West Queensland,  the  use of  
m u l t i s p e c t r a l  photography,  in conjunction  with d e t a i l e d  f i e l d  s t u d i e s ,  
i s  shown to  have a p p l i c a t i o n  in the  s tudy  o f  vege ta t ion  a s s o c i a t i o n s  
and p l a n t  communities forming su r face  express ion o f  c h a r a c t e r i s t i c  • 
ground c o n d i t io n s .  The r e c o g n i t io n  o f  geobotanical  anomalies and 
d i f f e r e n c e s  in so i l  and p l a n t  r e f l e c t i v i t y  i n d i c a t i v e  of  bedrock 
m i n e r a l i z a t i o n  o f f e r s  co n s id e ra b le  promise in mineral e x p lo ra t io n  f o r  
the  d e t e c t i o n  o f  ore bod ie s .
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g round- t ru th  ve g e t a t i o n  83
16 Dugald River a r e a ,  f i lm  33 frame 113. I n f r a - r e d  co lour
f i lm: ind iv idua l  s p e c t r a l  s ig n a tu r e s  85
17 Dugald River a r e a ,  f i lm  33 frame 113. I n f r a - r e d  co lour
fi lm: s p e c t r a l  s i g n a t u r e s  combined with r e fe rence  to
g round- t ru th  v e g e ta t io n  86
18 Dugald River lode area  (southern  s e c t i o n ) .  Location o f
t r a n s e c t  l i n e s  and d i s t r i b u t i o n  o f  i n d i c a t o r  p l a n t s ,
Ju ly  1972 90
19 Dugald River lode area  (no r the rn  s e c t i o n ) .  Location of
t r a n s e c t  l i n e s  and d i s t r i b u t i o n  o f  i n d i c a to r  p l a n t s ,
Ju ly  1972 91
20 P la n t  spec ies  f requency d i s t r i b u t i o n  in r e l a t i o n  to 
su r face  s o i l  geochemis try,  r e l i e f  and geology along 
t r a n s e c t  23 93
21- The copper,  c o b a l t ,  z i n c ,  lead  and i ron  conten t  of  the  
25 p l a n t  t i s s u e  o f  s e l e c t e d  spec ies  sampled along t r a n s e c t  23
in r e l a t i o n  to  the  geochemistry  o f  the su r face  s o i l  94-100
26- The copper,  c o b a l t ,  z i n c ,  lead and iron  conten t  of  the
30 p l a n t  t i s s u e  of  s e l e c t e d  spec ie s  sampled along t r a n s e c t  5
in r e l a t i o n  to  the  geochemistry o f  the su r face  so i l  101-105
31 P la n t  spec ie s  frequency d i s t r i b u t i o n  in r e l a t i o n  to 
su r fa c e  s o i l  geochemis try ,  r e l i e f  and geology along
t r a n s e c t  19 109
32- The l ead ,  z in c ,  copper,  c o b a l t  and iron  content  o f  the 
36 p l a n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  19
in r e l a t i o n  to  the  geochemistry o f  the su r face  so i l  110-116
37- The l ead ,  z in c ,  copper,  c o b a l t  and iron  conten t  o f  the  
41 p l a n t  t i s s u e  o f  s e l e c t e d  spec ies  sampled along t r a n s e c t  25
in r e l a t i o n  to the  geochemist ry  o f  the su r face  s o i l  117-121
42- The lead ,  z i n c ,  copper,  c o b a l t  and iron  content  o f  the 
46 p l a n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  6
in r e l a t i o n  to the  geochemist ry  o f  the su r face  s o i l  « 122-126
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47 P lan t  spec ie s  frequency  d i s t r i b u t i o n  in r e l a t i o n  to
su r fa c e  so i l  geochem is t ry , r e l i e f  and geology along
t r a n s e c t  24 128
48- The l e a d ,  z in c ,  copper,  c o b a l t  and iron  content  o f  the
52 p l a n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  24
in r e l a t i o n  to  the  geochemis try  o f  the  su r face  so i l  129-134
53 Microdensi tometer  scan l i n e s  o f  the i n f r a - r e d  band of  the
f a l s e  co lour  f i lm  and the  green band o f  the t r u e  co lour
f i lm  taken along t r a n s e c t  19 140
54 Ausminda, f ilm 33 frame 112. I n f r a - r e d  co lour  f i lm:
ind iv idua l  s p e c t r a l  s i g n a t u r e s  152
55 Ausminda, f i lm  33 frame 112. I n f r a - r e d  co lour  f i lm:
s p e c t r a l  s ig n a t u r e s  combined with r e fe rence  to  ground-
t r u t h  vege ta t ion  153
56 P lan t  spec ie s  f requency d i s t r i b u t i o n  in r e l a t i o n  to 
su r face  so i l  geochemis t ry ,  r e l i e f  and geology along 
t r a n s e c t  4 155
57- The copper ,  z i n c ,  c o b a l t ,  le ad  and i ron  con ten t  of  the
61 p l a n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  4
in r e l a t i o n  to  the  geochemis try  o f  the su r face  s o i l  156-160
62 Roseby homestead,  f i lm  33 frames023-025.  I n f r a - r e d
co lour  f i lm: in d iv id u a l  s p e c t r a l  s ig n a tu r e s  167
63 The lo c a t io n  o f  Roseby homestead t r a n s e c t  2 in r e l a t i o n  
to  the frame a reas  covered a t  the 1:15,000 and 1:5,000
s c a le  171
64 Roseby homestead a r e a ,  f i lm  28 frame 277. I n f r a - r e d
co lo u r  f i lm : in d iv id u a l  s p e c t r a l  s ig n a tu r e s  175
65 Roseby homestead a r e a ,  f i lm  28 frame 277. I n f r a - r e d
co lou r  f i lm: s p e c t r a l  s i g n a t u r e s  combined with r e fe rence
to  g round - t ru th  v eg e t a t i o n  176
66 Roseby homestead a r e a ,  f i lm  28 frame 277. Ind iv idual
s p e c t r a l  s i g n a t u r e s  produced by a combination o f  the 
i n f r a - r e d  co lour  f i lm with a red f i l t e r  and the panchromatic
f i lm  and yellow f i l c e r  wi th a green f i l t e r  183
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67 Roseby homestead a rea ,  f i lm  28 frame 277. Ind iv idual  
s p e c t r a l  s i g n a t u r e s  produced by a combination o f  the 
i n f r a - r e d  co lou r  f i lm  with a red f i l t e r  and the  
panchromatic f i lm  and ye l low f i l t e r  with a yel low 
f i l t e r  187
68 P la n t  spec ies  f requency d i s t r i b u t i o n  in r e l a t i o n  to
s u r face  so i l  geochemis try ,  r e l i e f  and geology along 
t r a n s e c t  2 191
69- The copper and lead  co n ten t  o f  the  p l a n t  t i s s u e  o f
70 s e l e c t e d  spec ie s  sampled along t r a n s e c t  2 in r e l a t i o n  to
the  geochemistry o f  the  s u r f a c e  s o i l  192-194
71 Godkin and Godkin mine n o r t h ,  f i lm  30 frames 256 - 260.
I n f r a - r e d  co lo u r  f i lm :  in d iv id u a l  s p ec t r a l  s ig n a tu r e s  201
72 Godkin. Location o f  t r a n s e c t  l i n e s  and d i s t r i b u t i o n  o f
i n d i c a t o r  p l a n t s ,  June 1972 203
73 P la n t  spec ies  f requency d i s t r i b u t i o n  in r e l a t i o n  to 
su r face  so i l  geochem is t ry , r e l i e f  and geology along 
t r a n s e c t  16 ’ 206
74- The copper,  c o b a l t ,  l e a d ,  z inc  and iron content  of  the  
78 p l a n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  16
in r e l a t i o n  to  the  geochemist ry  o f  the sur face  so i l  207-211
79- The copper and c o b a l t  co n ten t  of  the  p la n t  t i s s u e  o f
80 s e l e c t e d  spec ie s  sampled along t r a n s e c t  7 in r e l a t i o n  to
the geochemistry o f  the s u r f a c e  s o i l  212-213
81 The copper,  c o b a l t ,  z i n c ,  lead  and iron  content  of  the  
s u r face  so i l  (minus 80 f r a c t i o n )  sampled along
t r a v e r s e  E 215
82 The copper,  c o b a l t ,  z i n c ,  lead  and iron  conten t  of  the 
su r fa c e  s o i l  (minus 80 f r a c t i o n )  sampled along
t r a v e r s e  f  216
83 Dugald River a r e a .  Freehold 28, f i lm  32 frame 203.
I n f r a - r e d  co lou r  f i lm: ind iv idua l  spe c t r a l  s ig n a tu r e s  222
84 Dugald River a rea ,  Freehold 28, f i lm 32 frame 203.
I n f r a - r e d  co lour  f i lm : s p e c t r a l  s ig n a tu re s  combined with
re fe rence  to ground t r u t h  v eg e ta t io n  . 223
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85 Freeho ld  28. Location of. t r a n s e c t  l i n e s  and
d i s t r i b u t i o n  o f  i n d i c a t o r  p l a n t s ,  June 1972 225
86 P la n t  s pec ie s  f requency  d i s t r i b u t i o n  in r e l a t i o n  to 
s u r f a c e  so i l  geochemis t ry ,  r e l i e f  and geology along
t r a n s e c t  14 227
87- The copper and i ron  co n te n t  o f  the  p l a n t  t i s s u e  o f  
88 s e l e c t e d  spec ie s  sampled along t r a n s e c t  14 in r e l a t i o n  to
the  geochemist ry  o f  the  s u r f a c e  s o i l  228-229
89- The copper and i ron  c o n t e n t  of  the p la n t  t i s s u e  o f  
90 s e l e c t e d  s p ec ie s  sampled along t r a n s e c t  21 in r e l a t i o n  to
the  geochemistry o f  the  s u r f a c e  s o i l  230-231
91- The copper ,  c o b a l t ,  and i ro n  con ten t  of the p l a n t  t i s s u e
93 o f  s e l e c t e d  sp ec ie s  sampled along t r a n s e c t  22 in r e l a t i o n
to  the  geochemist ry  o f  the  su r f a c e  so i l  232-234
94 The copper,  c o b a l t ,  z i n c ,  le ad  and i ron  conten t  o f  the
s u r f a c e  s o i l  (minus 80 f r a c t i o n )  sampled along t r a v e r s e  C 236
95 The copper,  c o b a l t ,  z i n c ,  l e ad  and -Iron con ten t  o f  the
s u r f a c e  s o i l  (minus 80 f r a c t i o n )  sampled along t r a v e r s e  D 237
96 Mount Poly - G r e e n h i l l s ,  f i lm  32 frames 062 - 066.
I n f r a - r e d  co lou r  f i lm :  in d iv id u a l  sp e c t r a l  s ig n a tu r e s  240
t
97 Mount Poly.  Location o f  t r a n s e c t  l i n e s  and d i s t r i b u t i o n
o f  i n d i c a t o r  p l a n t s ,  August 1972 242
98 P la n t  spec ie s  f requency  d i s t r i b u t i o n  in r e l a t i o n  to 
s u r f a c e  s o i l  geochem is t ry ,  r e l i e f  and geology along
t r a n s e c t  1 245
99 P la n t  spec ie s  frequency  d i s t r i b u t i o n  in r e l a t i o n  to 
su r f a c e  s o i l  geochemis try ,  r e l i e f  and geology along 
t r a n s e c t  15 247
100- The copper c o n te n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  spec ies  249-251
102 sampled along t r a n s e c t s  1 , 15 and 8 in r e l a t i o n  to  the
geochemistry o f  the s u r f a c e  s o i l
103 The copper con ten t  o f  the  su r f a c e  so i l  (minus 80 f r a c t i o n )
and spo t  samples o f  Folyccæpaea g loh ra  taken alona
t r a v e r s e s  H and G 253
X V I
Page
104 Microdens i tometer  scan l i n e s  o f  the i n f r a - r e d  and b lue
bands of  the f a l s e  co lour  f i lm  and the red band o f  the
t r u e  co lour  f i lm  taken along t r a n s e c t  1 256
105 L i t t l e  Eva PI a i r l a n d s ,  f i lm  32 frame 254. I n f r a - r e d
colour  f i lm :  i n d iv id u a l  s p e c t r a l  s ig n a tu r e s  269
106 L i t t l e  Eva P la i n l a n d s ,  f i lm  27 frames 155 - 156. I n f r a ­
red  co lour  f i lm:  in d iv id u a l  s p e c t r a l  s ig n a tu re s  273
107 L i t t l e  Eva P la i n l a n d s ,  s e l e c t e d  area  o f  the fo u r fo ld  
enlargement o f  f i lm  27 frame 155. I n f r a - r e d  co lour  
f i lm: in d iv idua l  s p e c t r a l  s i g n a t u r e s  279
108 Percen tage  area covered and lo c a t io n  o f  t r a n s e c t s  in the
L i t t l e  Eva P la in lands  a rea  282
109 P lan t  spec ie s  f requency  d i s t r i b u t i o n  in r e l a t i o n  to
s u r face  s o i l  pH, geochemis try ,  r e l i e f  and geology along 
t r a n s e c t  3 286
110- The copper,  c o b a l t ,  z i n c ,  lead  and i ron  content  o f  the 
114 p l a n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along
t r a n s e c t  3 in r e l a t i o n  to  the  geochemistry o f  the su r face
s o i l  288-292
115 The copper,  c o b a l t ,  z i n c ,  l e ad  and i ron  conten t  of  the 
p la n t  t i s s u e  o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  10
in r e l a t i o n  to  the  geochemist ry o f  the su r face  so i l  294
116 Black Rock - P innac le ,  f i lm  9 frame 031. I n f r a - r e d
co lour  f i lm : ind iv idua l  s p e c t r a l  s ig n a tu r e s  303
117 Black Rick - P innac le ,  f i lm  9 frame 031. I n f r a - r e d
co lour  f i lm: s p e c t r a l  s i g n a t u r e s  combined with re fe rence
to  g roun d - t ru th  ve g e ta t io n  304
118 P lan t  spec ie s  f requency d i s t r i b u t i o n  in r e l a t i o n  to 
su r face  s o i l  geochemis try ,  r e l i e f  and geology along
t r a n s e c t  12 310
119- The copper,  c o o a l t ,  a rd  iron  con ten t  o f  the p l a n t  t i s s u e
121 o f  s e l e c t e d  spec ies  sampled along t r a n s e c t  12 in r e l a t i o n
to  the geoc lien is try o f  the  s u r f a c e  so i l  311-316
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122 P lan t  spec ie s  frequency d i s t r i b u t i o n  in r e l a t i o n  to
s u r face  so i l  geochemis try ,  r e l i e f  and geology along
t r a n s e c t  18 319
123- The copper,  c o b a l t ,  z inc  and i ron  con ten t  o f  the p la n t
126 t i s s u e  o f  s e l e c t e d  sp ec ie s  sampled along t r a n s e c t  18
in r e l a t i o n  to  the geochemistry o f  the s u r face  s o i l  320-327
127 Black Rock - P innac le .  Location o f  t r a n s e c t  l i n e s  and
d i s t r i b u t i o n  o f  i n d i c t o r  p l a n t s .  May 1972 329
128 The copper,  c o b a l t ,  z i n c ,  lead  and iron content  of  the 
su r fa c e  so i l  (minus 80 f r a c t i o n )  sampled along
t r a v e r s e  M 331
129 The copper,  c o b a l t ,  z i n c ,  lead and iron  con ten t  o f  the 
su r face  s o i l  (minus 80 f r a c t i o n )  sampled along 
t r a v e r s e  11 332
130 Microdensi tometer  scan l i n e s  o f  the i n f r a - r e d  f a l s e
co lour  f i lm  taken along t r a n s e c t  12, f i lm  9 frame 031 335
131 Microdensi tometer  scan l i n e s  o f  the  t r u e  co lour  f i lm
taken along t r a n s e c t  12, f i lm 9 frame 031 337
132 Microdensi tometer  scan l i n e s  o f  the panchromatic f i lms
taken along t r a n s e c t  12, f i lm  9 frame 031 339
133 Lady Vera,  f i lm  9 frame 059. I n f r a - r e d  co lour  f i lm: 
in d iv idua l  s p e c t r a l  s ig n a t u r e s  342
134 P la n t  spec ies  frequency d i s t r i b u t i o n  in r e l a t i o n  to 
su r face  so i l  geochemis t ry , r e l i e f  and geology along
t r a n s e c t  17 346
135- The copper,  zinc and i ron  con ten t  of  the  p l a n t  t i s s u e
137 o f  s e l e c t e d  spec ies  sampled along t r a n s e c t  17 in
r e l a t i o n  to  the geochemistry o f  the  su r f a c e  so i l  347-352
138 P lan t  spec ie s  frequency d i s t r i b u t i o n  in r e l a t i o n  to  
su r face  so i l  geochem is t ry , r e l i e f  and geology along
t r a n s e c t  20 359
139- The lead ,  z in c ,  copper,  co b a l t  and iron content  o f  the
143 p l a n t  t i s s u e  of  s e l e c t e d  spec ie s  sampled along
t r a n s e c t  20 in r e l a t i o n  to  the geochemistry o f  the
su r face  s o i l  ' 360-364
x v m
Page
144 P la n t  spec ie s  frequency d i s t r i b u t i o n  in r e l a t i o n  to
s u r f a c e  s o i l  geochemistry ,  r e l i e f  and geology along
t r a n s e c t  13 368
145- The copper ,  c o b a l t ,  le ad ,  z inc  and iron conten t  o f  the 
149 p l a n t  t i s s u e  of  s e l e c t e d  spec ies  sampled along
t r a n s e c t  13 in r e l a t i o n  to  the geochemistry o f  the
su r f a c e  s o i l  369-373
150 The copper,  z i n c ,  l e ad ,  coba l t  and i ron  con ten t  of  the  
s u r f a c e  s o i l  (minus 80 f r a c t i o n )  sampled along 
t r a v e r s e  J 376
151 The copper,  c o b a l t ,  z in c ,  lead  and iron content  of  the 
s u r f a c e  so i l  (minus 80 f r a c t i o n )  sampled along 
t r a v e r s e  K 377
152 The copper,  c o b a l t ,  z in c ,  lead and iron con ten t  of  the  
s u r f a c e  so i l  (minus 80 f r a c t i o n )  sampled along 
t r a v e r s e  I 378
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LIST OF PLATES
1 E ucalyp tus brevi-fcVlas T r io d ia  pungens a s s o c ia t io n  over 
s i l i c e o u s  sha les  to  the  west o f  the  Dugald River lode
Page
32
E ucalyp tus arg illo ,cea^ E, term 'lna lis^  Acacia chisJiolmiiji
T r io d ia  pimgens a s s o c i a t i o n  over black a rg i l l a c e o u s
l imes tone to the  e a s t  o f  the Dugald River lode 32
E ucalyp tus a rg illa o ea ^  E. h r e v i fo l ia ,  Enneapogon
p o ly p h y llu s  a s s o c i a t i o n  over banded c a l c - s i l i c a t e  rocks
to  the e a s t  of  the  Corel l a  River 33
4 E ucalyp tus a rg illa cea ^  E, te rm in a lis^  Eriachne dom inii^
Sporobolus a u s tr a la s ic u s  a s s o c i a t i o n  over covered ground 
under la in  by c a l c - s i l i c a t e  rocks e a s t  o f  the Knapdale 
q u a r t z i t e  range 33
E ucalyptus a rg illa cea ^  E, te rm in a lis^  A ta laya  hemiglauca^ 
Themeda a u s tr a lis ^  Chrysopogon fa l l a x  a s s o c ia t io n  over 
sandy al luvium in the Dugald River f loodp la in  south o f  
Clayre Creek
6 E ucalyp tus c rg illa c e a ^  E. te n n in a lis ^  Acacia cambagei:,
Cenchrus perm isctifcrrrris  a s s o c i a t i o n  over sandy al luvium
in the Cloncurry River f lo o d p la in  south o f  Cloncurry 35
7 A cacia  canibagei woodland over l a t e r i z e d  mesozoic sandstone
on a p la teau  res idua l  nor th  west o f  Cabbage Tree Creek 36
Acacia ccnrbagei a s s o c i a t i o n  over covered ground in the
Dugald River f lo o d p la in  nor th  e a s t  of  Roseby homestead,
t r a n s e c t  2 36
9 A stv e b la  ^.quacrosa dominated g ra s s l a n d  a s s o c ia t io n  on the
grey s o i l s  o f  heavy t e x t u r e  of  the L i t t l e  Eva P la in lands  38
10 Tree g a l l e r i e s  dominated by E ucalyp tus carrruldulensis and 
M elaleuca leucadeudrcn  l i n i n g  the bed o f  the Dugald River
north  o f  Roseby home^cead 38
11 The Dugald River lode anomalous p l a n t  community, dominated 
by Eriachne Ti^cronala and Eolycavpaea g labra , as seen from
the  ground and on the f a l s e  co lour  i n f r a - r e d  imagery 78
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12 The Roseby homestead anomalous p la n t  community, dominated
by Eriachns muoronata and B u W o s ty lis  barhata , as seen
from the ground and on the  f a l s e  co lour i n f r a - r e d  imagery 174
13 The Freehold 28 anomalous p la n t  community, dominated by
Eriachne mucronata, as seen from the  ground and on the
f a l s e  co lour  i n f r a - r e d  imagery 221
14 The g ras s land  communities of  the  L i t t l e  Eva P la in lands
a re a ,  dominated by A s tr e b la  squarrosa, Brachyacne 
convergers  and Sporobolus a u s tr a la s ic u s ,  as seen from the
ground and on the f a l s e  co lour  i n f r a - r e d  imagery 278
15 The Black Rock - P innac le  anomalous p la n t  community,
dominated by Eriachne mucronata and Eolycarpaea g labra , 
as seen from the ground and on the  f a l s e  co lour  i n f r a - r e d  
imagery 302
INTRODUCTION
Black-and-white a e r i a l  photography has been used fo r  many years  in 
combination with ground-contro l  s tu d i e s  fo r  i n v e s t i g a t i o n  of  t e r r a i n  and 
na tu ra l  r e s o u rc e s .  The info rmation  requ i red  to  undertake the se  s tu d i e s  
i s  de r ived  from an a n a l y s i s  o f  the  p a t t e r n s  recorded on the  photography 
which r e f l e c t  the in f luence  o f  pa ren t  m a te r i a l ;  the  geomorphological processes  
undergone; the  c l i m a t i c ,  b i o t i c  and physiographic environment; and the 
a c t i v i t y  o f  man. The v a r i e t y  o f  p a t t e r n s  developed due to  the  i n t e r p l a y  
o f  the se  var ious  f a c t o r s  form the  b a s i s  f o r  the  technique  of  a e r i a l  
photographic i n t e r p r e t a t i o n .
The bas ic  premise f o r  t h i s  technique  i s  t h a t  m a te r i a l s  developed under 
the same geo log ic  and environmental  cond i t ions  w i l l  have s i m i l a r  p a t t e r n s  
on the a e r i a l  photography. Usually a p a r t i c u l a r  rock type gives r i s e  to 
d i s t i n c t i v e  geomorphological f e a t u r e s ,  weathers to c h a r a c t e r i s t i c  so i l  types 
and f r e q u e n t ly  suppor ts  a d i a g n o s t i c  vege ta t ion  a s s o c i a t i o n .  Together the se  
produce d i s t i n c t  p a t t e r n s  o f  c h a r a c t e r i s t i c  t e x tu r e  and tone on the a e r i a l  
photograph,  which permit  the  reco g n i t io n  and i n t e r p r e t a t i o n  o f  ground sur face  
f e a t u r e s  and the  i d e n t i f i c a t i o n  o f  rock types and geo logica l  s t r u c t u r e s .
The q u a l i t y  of  b lack-and-whi te  a e r i a l  photography has improved with 
the development o f  cameras and f i l m s ,  providing f i n e r  r e s o l u t i o n ,  but  now 
the technique  of  a i rp h o to '  i n t e r p r e t a t i o n  i s  most e f f e c t i v e l y  complemented 
by the  use o f  co lour  and i n f r a - r e d  f a l s e  co lour  f i lms in m u l t i s p e c t r a l  
photography f o r  d e t a i l e d  i n v e s t i g a t i o n s .  A m u l t i s p e c t r a l  photographic  
system provides  the  i n t e r p r e t e r  with a number of  photographs taken with 
d i f f e r e n t  f i l m - f i l t e r  combinations a t  a s in g le  po in t  in time and space 
and s ince  each image g ives  a somewhat d i f f e r e n t  r'angc o f  s p e c t r a l  s ig n a tu r e s  
a g r e a t e r  amount of  informat ion  i s  recorded to aid  p n o t o i n t e r p r e t a t i o n .
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The use o f  d i f f e r e n t  f i l m - f i l t e r  combinations has cons ide rab le  v e r s a t i l i t y  
f o r  v eg e ta t io n  mapping and in a d d i t i o n ,  each co lour  image can be co lour  
sepa ra ted  in the l a b o ra to ry  to  p a r t i t i o n  the  da ta  in to  e s s e n t i a l l y  the  
same wavelength bands which may be obta ined  u t i l i z i n g  a mul t i  band camera 
(Colwell 1968, Molineaux 1964, Morain 1974).
The use of  m u l t i s p e c t r a l  photography in conjunc tion with f i e l d  
s tu d i e s  employing g e o l o g ic a l ,  geobotanica l  and geochemical/biogeochemical 
t echniques  o f f e r s  cons ide rab le  promise in mineral e x p lo ra t io n  fo r  the 
d e t e c t i o n  o f  ore bodies (N.A.S.A. 1968). The value o f  t h i s  technique  fo r  
such a purpose d e r iv e s  from the  presence o f  d i s t i n c t i v e  vege ta t ion  
a s s o c i a t i o n s  or  p l a n t  communit ies , des ignated  geobotanica l  anomal ies,  
over m inera l i zed  areas  (Cole 1965),  and from d i f f e r e n c e s  o f  r e f l e c t i v i t y  
in the  spec ie s  comprising the p l a n t  communities and p oss ib ly  a l so  the  
s o i l s  and bedrock u n i t s  in such a rea s  (Press  1972, 1974, Press and 
Norman 1972, Bar r inger  1969).
The success o f  m u l t i s p e c t r a l  photographic exper iments ,  c a r r i e d  out  
by P ro fe s so r  M.M. Cole in South-West A f r i c a ,  in the r e v e l a t i o n  of  s t r a t i -  
g raph ica l  and s t r u c t u r a l  f e a t u r e s  beneath s u p e r f i c i a l  cover in level  
t e r r a i n ,  coupled with the  d e t e c t i o n  o f  narrow zones o f  copper m i n e r a l i z a ­
t ion  marked by geobotan ica l  anomalies (Cole 1971), prompted a s p e c i f i c  
programme to t e s t  the use of  m u l t i s p e c t r a l  photography and o th e r  imaging 
sens ing techn iques  from a i r c r a f t .
Western Queensland,  A u s t r a l i a ,  was chosen fo r  such an eva lu a t io n  a s ,  
w i th in  the  a r e a ,  the Mount I s a /C loncur ry  d i s t r i c t  contained a v a r i e t y  of  
m i n e r a l i z a t i o n ,  so disposed in geo log ica l  formations whose outc rops  have 
a general  no r th -sou th  o r i e n t a t i o n ,  t h a t  most could be covered in a 
r e l a t i v e l y  small e a s t -w e s t  f l y i n g  block.  In a d d i t i o n ,  the  Dugald River 
lode ,  north  west of  Cloncurry ,  o f f e re d  a unique oppor tun i ty  to  sense a
l i t t l e  d i s tu rbe d  major l e a d -z in c  ore body, marked by a well de f ined  
geobotanica l  anomaly over which g e o l o g ic a l ,  geochemical and geobotan ica l  
i n v e s t i g a t i o n s  had a l ready  been c a r r i e d  ou t ,  (N ico l l s  e t  al 1965). The 
semi-ar id  environment and presence o f  major a i r f i e l d s  provided favourable  
ope ra t iona l  cond i t ions  fo r  the f ly in g  programme.
The research  p r o j e c t ,  sponsored by the  M in is try  o f  Technology,  
subsequently  Procurement Execut ive ,  M in is t ry  o f  Defence, i n i t i a l l y  
involved the  f l y i n g  o f  two b locks ,  one covering the area  between Mary 
Kathleen and Cloncurry and the o the r  con ta in ing  the  Dugald River lode ,  
by Fa i rey  Surveys Ltd a t  a s ca le  of  1:15,000 using m u l t i s p e c t r a l  
photography and an i n f r a - r e d  l i n e s c a n .  A smal le r  area  covering e s s e n ­
t i a l l y  the  Dugald River lode was a l so  flown a t  a sca le  of  1:5,000
Four bore s i t e d  Vinten cameras (4" focal  length )  ca r ry ing  r e s p e c t i v e l y ,  
a t ru e  co lour  Ektachrome f i lm  (Kodak 2448),  a f a l s e  co lour  i n f r a - r e d  aero-  
f i lm  (Kodak 2443), panchromatic black-and-whi te  f i lm ( I l f o r d  FP 3) with a 
green f i l t e r  (Wratten 58) and a s i m i l a r  b lack-and-white f i lm  with a yel low 
f i l t e r  (Wratten 12) ,  were used f o r  the  photography which was flown between 
10.00 and 14.00 hours.  The ground r e s o l u t i o n  obta ined fo r  the  m u l t i s p e c t r a l  
photography a t  the 1:15,000 s c a l e ,  flown a t  1,524 m (5,000 f t )  above ground 
l e v e l ,  v/as ,9m (3 f t )  and a t  the  1:5,000 s ca le  flown a t  610 m (2,000 f t )  
i t  was .3m (1 f t ) .
Ground t r u t h  informat ion was ob ta ined ,  with the c o l l a b o r a t i o n  of  the 
A u s t r a l i an  Bureau of  Mineral Resources,  during  and subsequent  to the  f ly in g  
programme in 1971 and during the  March - September per iod of  1972. In 
ad d i t io n  to i n v e s t i g a t i o n s  of  the d i s t r i b u t i o n  of  vege ta t ion  u n i t s  r e l a t i v e  
to  environmental paramete rs ,  no tab ly  so i l  p r o p e r t i e s ,  geomorphology, 
geology and bedrock m i n e ra l i z a t i o n  and ground checking o f  the imagery when 
i t  became a v a i l a b l e ,  the  f i e l d  programme in 1971 and 1972 included p la n t  
spec ie s  frequency recording and the c o l l e c t i o n  of  p l a n t  and so i l  samples
( fo r  major and t r a c e  element a n a l y s i s )  along a number of  t r a n s e c t  l i n e s  
loca ted  ac ross  known m inera l ized  zones and ac ross  geobotan ica l  anomalies 
de tec ted  on the  imagery.
I n i t i a l  i n t e r p r e t a t i o n  s tu d i e s  were concentra ted  on r e co g n i t io n  of 
vege ta t ion  a s s o c i a t i o n s ,  p l a n t  communities and indiv idual  spec ies  by 
t h e i r  d i s t i n c t i v e  sp e c t r a l  s ig n a tu r e s  on t rue  colour and f a l s e  co lour  
i n f r a - r e d  imagery. The l a t t e r  f i lm  type ,  which covers the  v i s i b l e  and 
near i n f r a - r e d  p a r t  of  the spectrum in which p la n t  r e f l e c t i v i t y  i s  most 
s e n s i t i v e ,  y ie lded  the most inform ation  and was consequently used fo r  
s ig n a tu re  i n t e r p r e t a t i o n  and mapping. However, ind iv idual  f i lm s  were 
combined with f i l t e r s  when a d d i t i v e  viewing techniques  were u t i l i s e d  fo r  
i n t e r p r e t a t i o n .
The sp e c t r a l  u n i t s  on in d iv idua l  frames were compared with ground 
t r u t h  in formation and t h e i r  d i s t r i b u t i o n  mapped on the  same s ca le  as 
the ou tpu t  from a Joyce Loebel microdensi tomete r .  This ins trument was 
u t i l i s e d  in a complementary physics  r esearch  programme concerned with a 
machine a n a ly s i s  of the  m u l t i s p e c t r a l  imagery. A number of  l i n e s ,  
g en e ra l ly  co inc id ing  with the  f i e l d  t r a n s e c t s  on the imagery,  were scanned 
by the  microdensi tometer  so t h a t  the  ex tens ive  and d e t a i l e d  ground t r u t h  
information could be compared with the machine a n a l y s i s .
The main o b je c t iv e s  o f  the  re sea rch  programme have been to eva lua te  
the s p e c t r a l  s ig n a tu re s  o f  vege ta t ion  communities recognised on m u l t i ­
sp e c t r a l  photography,  a t  s c a le s  o f  1:15,000 and 1:5 ,000,  in the  Mary 
Kathleen - Cloncurry and Dugald River a reas  of  A u s t r a l i a  with r e fe rence  
to s p e c i f i c  environmental paramete rs ,  no tab ly  bedrock m i n e r a l i z a t i o n .
This t h e s i s  p re sen ts  r e s u l t s  o f  the  i n v e s t i g a t i o n s  concerned with 
e s t a b l i s h i n g  the r e l a t i o n s h i p s  e x i s t i n g  between spec t ra l  s ig n a tu r e s  id e n t i -  
f l ed  on the m u l t i s p e c t r a l  photography,  vege ta t ion  u n i t s  and the  r e l e v a n t  
environmental f a c t o r s  in f lu en c in g  t h e i r  d i s t r i b u t i o n  on the ground.
CHAPTER 1
The phys ica l  environment o f  North West Queensland
The Dugald River ard Mary Kathleen - Cloncurry areas  a re  s i t u a t e d  
in an area  o f  uplands,  known c o l l e c t i v e l y  as the  Isa  Highlands,  which 
form p a r t  of  one of  the  major phys iographic  d iv i s io n s  o f  the A u s t r a l i an  
c o n t in e n t ,  namely the Precambrian S h ie ld ,  Fig.  1. P ro je c t in g  in a nor th -  
n o r th -w e s te r ly  d i r e c t i o n ,  the  uplands with a c h a r a c t e r i s t i c  l a rge  
ampli tude of  r e l i e f ,  a re  c o i n c id e n t  with the var ied  outcrop o f  igneous 
and metamorphic rocks in which c o n to r t io n s  and convolu tions  o f  orogenic  
s t r u c t u r e s  are  expressed in the topography and drainage p a t t e r n s .  Within 
t h i s  r eg ion ,  the Mount Isa  - Cloncurry area  conta ins  a v a r i e t y  o f  ore 
d e pos i t s  in d i f f e r e n t  hos t  geo log ica l  fo rmat ions ,  many of  which give r i s e  
to  p a r t i c u l a r  r e l i e f  and dra inage  f e a t u r e s ,  produce s o i l s  o f  s p e c i f i c  
chemical composit ion and suppor t  d i s t i n c t i v e  p la n t  communities.
The dominant vege ta t ion  fo rmat ion  o f  low t r e e  and shrub savanna 
i s  c h a r a c t e r i s t i c  of  t h i s  d i v e r s e ,  semi-a r id  region o f  Queensland where 
a broad s ca le  r e l a t i o n s h i p  i s  ev id en t  between the d i s t r i b u t i o n  of  p la n t  
a s s o c i a t i o n s  and the phys iography, w i th in  which, in areas  o f  n ea r - s u r f a c e  
bedrock,  reg ional  and loca l  r e l a t i o n s h i p s  e x i s t  between the  form and 
composit ion of  the veg e ta t io n  and the underlying bedrock geology.
1.1 Climate
The Cloncurry region exper iences  a hot and semi-ar id  c l im ate  with 
well def ined wet and dr} seasons ,  (Table 1) .  Day temperatures  are  high 
throughout the y e a r ,  in summer averaging 35 - 38°C with n ig h t ly  minima 
from 23 - 25^C. Frequent ly  temperatures  exceed 38°C fo r  severa l  days
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and on occas ions  a t t a i n  52^C and over .  Winter temperatures  average 
18-21°C with d a i l y  maxima o f  25-28°C and n ig h t ly  minima o f  11-13°C.
Annual r a i n f a l l ,  averag ing  between 254 - 508 mm, normally occurs 
between November and M^rch but  i s  ext remely v a r i a b le  and small f a l l s  may 
occur  in any o f  the  w in te r  months. The d i s t r i b u t i o n  o f  r a i n f a l l ,  which 
p r i n c i p a l l y  f a l l s  as s to rms ,  w i th in  any one yea r  i s  uneven and droughts  
a re  f r e q u e n t .  However, on some o cca s io n s ,  heavy and o f ten  t o r r e n t i a l  
no r the rn  monsoonal r a i n s ,  with very low c loud ,  drench the  whole reg ion 
f o r  severa l  days.
The very v a r i a b l e  na tu re  o f  the  annual r a i n f a l l  w i th in  t h i s  reg ion 
i s  o f t e n  r e s p o n s ib le  f o r  co n d i t io n s  which are  unusual in comparison to 
the average c l i m a t i c  c o n d i t io n s  revea led  in the s t a t i s t i c s  o f  general  
r a i n f a l l ,  tempera ture  and r e l a t i v e  humidity c h a r a c t e r i s t i c s  f o r  Cloncurry 
(Table 1) .  Periods  of  prolonged drought  may o f ten  be te rm ina ted  by above 
average ,  heavy,  f a l l s  o f  r a in  in the  w in te r  months which f r e q u e n t ly  cause 
widespread f lood ing .  Such was the case in 1971, when a record  wet season 
marked the end of  dry co n d i t io n s  with heavy monsoonal and storm r a in s  
being r e s p o n s ib le  f o r  p r e c i p i t a t i o n  occur r ing  in every month o f  t h a t  
y e a r ,  Cloncurry r ece iv ing  a record  t o t a l  of  737 mm and Mount Isa  (data 
incomplete)  612 mm (Table 2) .  The r a i n f a l l  f ig u re s  are unusually  high 
compared with the  dry c o n d i t io n s  o f  the  previous  y e a r ,  r evea led  in the  
1970 c l im a t i c  s t a t i s t i c s  f o r  Cloncurry and Mt Isa (Table 2) .
R a in fa l l  f i g u re s  f o r  Ouamby ( s i t u a t e d  on the Kajabbi - Cloncurry 
r a i l w a y ) ,  record ing  a to t a l  o f  580 mm in the January - Ju ly  per iod with 
30 r a in  days in 1971, a l so  c o n t r a s t  with those  of  Carsland Homestead 
( lo ca ted  approximate ly h a l f  way between Cloncurry and the Dugald River a rea )  
f o r  1960 - '62 ,  (Table 2) when co n d i t io n s  were much d r i e r .  The unusually
TABLE 1
General r a i n f a l l ,  t empera ture  and r e l a t i v e  humidity 
c h a r a c t e r i s t i c s  f o r  CLONCURRY
Rain
(mm)
No. o f  
r a in  days
Total per  
wet day 
(mm)









January 119 7 17 37.1 24.6 44 29
February 101 7 14 36.0 24.1 48 32
March 48 4 12 34.8 22.7 47 32
April 15 2 8 32.4 19.4 37 26 •
May 13 1 28.4 15.4 39 27
June 20 2 25.2 12.3 44 30
Ju ly 5 1 24.8 10.8 41 27
August 3 0 27.6 12.7 32 20
September 3 1 31.3 16.2 30 19
October 10 2 5 35.1 20.3 29 20
November 41 3 13 36.8 23.0 34 24
December 48 . 5 10 37.6 24.4 39 26
Year 429 35 32.3 18.8 39 26
Source :-  Cloncurry ,  genera l  c l i m a t i c  c h a r a c t e r i s t i c s ,  k.O. S l a t y e r ,  
'C limate o f  the  Le ichhard t  - G i lb e r t  a r e a ,  Queensland'
CSIRO Land Research S e r ie s  No. 11. 1964. pp. 90 - 104.
TABLE 2
R a i n f a l l ,  tempera ture  and r e l a t i v e  humidity records  f o r  Mount Isa
and Cloncurry in 1970 and 1971 and r a i n f a l l  records  f o r  Carsland
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r a in  days









January 10 1 39.3 24.9 34 15
February 89 10 36.7 24.8 53 32
March 48 7 35.4 23.1 41 24
April 27 2 33.1 20.6 36 22
May 0 0 28.3 16.0 50 20
June 0 0 27.1 11.8 30 18
J u ly 0 0 25.3 10.7 25 15
August 0 0 27.5 11.7 25 13
September 15 1 31.7 16.0 23 14
October 0 0 36.1 21.9 26 16
November 8 3 37.6 24.3 30 17
December 19 5 38.8 25.2 36 19
MOUNT ISA, 1970
January 18 3 38.4 23.9 - -
February 39 7 36.8 24.6 - -
March 23 5 34.8 22.2 - -
April 23 3 31.6 20.4 33 -
May 0 0 27.6 14.4 - -
June 0 0 26.6 9.7 - -
Ju ly 0 0 24.6 3.5 - -
August 0 0 26.2 12.5 - -
September 11 1 30.6 14.8 - -
October 5 3 34.9 21.6 25 -
November - - - - - -
December
1 - .............................................
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r a in  days









January 23 7 40.3 25.3 38 18
February 99 9 36.8 25.2 57 31
March 323 11 30.9 22.8 68 49
April 198 9 27.1 17.7 62 48
May 3 1 • 26.8 12.1 52 29
June 16 1 23.3 9.8 52 31
Ju ly 4 2 23.8 9.4 47 28
August 1 2 29.1 13.2 44 26
September 1 2 32.5 15.8 29 17
October 46 6 36.9 19.2 29 18
November 18 5 36.8 20.4 32 20
December 8 4 39.2 23.1 35 20
MOUNT ISA, 1971
January 31 4 - - - -
February 80 7 36.8 24.9 48 -
March 241 14 31.1 22.2 - -
April 115 8 26.9 17.4 - -
May 18 3 26.5 11.4 - -
June 2 1 22.1 9. 1 - -
Ju ly 10 2 22.9 8.2 - -
August 2 2 27.9 12.6 - -
September 2 2 31.3 - - -
October 71 5 35.6 19.9 - -
November - - - - - -
December 46 4 37.5 22.9 - -
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R ain fa l l  a t  Carsland Homestead 1960 - 62 and Quamby 1971







January 61 25 59 8
February 33 89 58 28
March 11 0 77 442
April 59 11 8 97
May 18 0 6 5
June 0 0 0 -
Ju ly 0 0 0 -
August 0 0 0 -
September 0 0 0 -
October 0 0 0 -
November 52 22 6 -
December 69 33 25 -
Total 303 180 239 580
(5 months)
S o u rc e s : -
'Monthly Climate Data - Surface A u s t r a l i a '
Period  1970 to 1972
Carsland Homestead, C. Me Mil Ian Esq. quoted in Provan 1965 
Unpublished Ph.D. t h e s i s .  U n iv e r s i ty  o f  Birmingham.
Quamby. T. Keyes Esq.
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l a rg e  r a i n f a l l  in 1971 consequen t ly  had a cons ide rab le  e f f e c t  on the  
d i s t r i b u t i o n ,  v a r i e t y  and abundance o f  ground vege ta t ion  spec ie s  occur r ing  
w i th in  t h i s  reg ion .
1.2 Geology
The Mary Kathleen -  Cloncurry and Dugald River a rea s  o f  North West 
Queensland are  under la in  by Precambrian rocks ,  r e f e r r e d  to  as the 
Cloncurry Complex (Hil l  and Denmead 1960),  which are shown in F igs .  2 
and 4. This complex i s  composed of  Archaean and Lower P ro te ro z o i c ,  
fo lded  metamorphic and igneous ro c k s ,  which are ove r la in  to  the e a s t  by 
a cover of  younger f l a t - l y i n g  mesozoic sedim ents ,  inc lud ing  sandstones  
and s i l t s t o n e s ,  which u n d e r l i e  a major p a r t  of  the Great  A r tes ian  Basin.
The o l d e s t  r o c k s , which have been widely deformed and metamorphosed, 
are found in the Mary Kathleen - Cloncurry reg ion where the geology i s  
a l so  complicated by the f a c t  t h a t  many rocks have been a f f e c t e d  by 
reg iona l  metasomatism, f r e q u e n t l y  masking e f f e c t s  of  reg iona l  and pred­
ominantly loca l  co n ta c t  metamorphism. The Leichhard t  metamorphics o f  
Archaean,  p o s s ib ly  Lower P ro te ro zo ic  age,  a re  probably the o l d e s t  
fo rmat ion ,  c o n s i s t i n g  of  g n e i s s ,  s c h i s t  and amphiboli te  rocks which are 
h ighly  fo ld ed ,  f a u l t e d  and in t ruded  by g r a n i t e s  and d o l e r i t e s  (Fig.  4) .
The s t e e p l y  folded and f a u l t e d  complex Argylla formation l i e s  
unconformably on the  Leichhard t  metamorphics and is  composed of  mainly 
acid and bas ic  lavas  with q u a r t z i t e ,  r e c r y s t a l l i z e d  l imestone agg lomera te ,  
arkose and s c h i s t .  The fo rm at ion ,  which forms very rugged t e r r a i n  in the 
south o f  the  Mary Kathleen - Cloncurry  a r e a ,  i s  ove r la in  by B a l la ra  
q u a r t z i t e  (Fig .  4 ) .  This very old  and hard rock ,  sometimes inc lud ing  
m e tabasa l t  and conglomerate,  i s  c h a r a c t e r i s e d  by f a u l t s  and t i g h t  no r th -
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south fo ld s  which form rugged h i l l  ranges to  the south west o f  Mary 
Kathleen.  Forming an a rcu a te  b e l t  to  the  south west of  Cloncur ry ,  the 
over ly ing  Marraba Volcanics and r e l a t e d  Mitakoodi q u a r t z i t e ,  which f o r  
the most p a r t  f l anks  the outc rop of  vo lcan ic  rocks to  the  n o r th ,  cover 
an e x ten s iv e  a rea  (Fig.  4 ) .  The Volcanics are s t r o n g ly  and i n t r i c a t e l y  
folded  with a general  p i t c h  to the nor th  e a s t ,  and c o n s i s t  of  a l t e r e d  
b a s a l t  and t u f f  with in terbedded metamorphosed sediments and some 
q u a r t z i t e .  The conformable over ly ing  Mitakoodi q u a r t z i t e  inc ludes  
a l t e r e d  b a s a l t ,  t u f f  and s c h i s t s .
The outc rop of  the  Core l la  formation and the  a s s o c i a t e d  Marimo s l a t e  
covers the g r e a t e s t  a rea  o f  t h i s  region and i s  comprised o f  c a l c - s i l i c a t e  
rocks to g e th e r  with o th e r  moderate to  high grade metamorphics, a l l  of 
which have been i n t r i c a t e l y  fo lded  and p l a s t i c a l l y  deformed (F igs .  2 
and 4) .  Within the  Core l la  fo rmat ion ,  l i t h o l o g i e s  are  extremely v a r i a b l e  
being composed o f  g r a n u l i t e s ,  q u a r t z i t e s ,  a r g i l l a c e o u s  l im es to n e s ,  s l a t e s ,  
mica s c h i s t s ,  b r e c c ia s  and dominantly c a l c - s i l i c a t e  rocks which inc lude  
conglomerates ,  agglomerates and l e n t i c u l a r  beds o f  s h a l e s ,  sands tones  
and do lom ites .  The marimo s l a t e ,  in the  south e a s t  o f  the  Mary Kathleen - 
Cloncurry a r e a ,  i s  composed of  f a u l t e d ,  sandy s l a t e s ,  s i l t s t o n e s  and quar tz  
greywacke with i n t r i c a t e  north  p i t c h in g  f o ld s .  This s e r i e s ,  to g e th e r  
with carbonaceous s l a t e s  in the C ore l la  fo rmat ion ,  i s  comparable with the 
Dugald River area  sha le  sequence w ith in  which the l e a d - z in c  m in e r a l i z a t i o n  
of  the Dugald River lode is  found.
In the  Dugald River area  d e t a i l e d  mapping, c a r r i e d  out  in the course 
of mineral  e x p l o r a t i o n ,  r ev ea ls  t h a t  ind iv idua l  ou tc rops  w i th in  the 
Core l la  formation e x h i b i t  a general  NNW-SSE s t r i k e  with f r equen t  l a t e r a l  
f a c i e s  changes (Fig.  3) .  The well bedded over ly ing  Knapdale q u a r t z i t e ,  
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de p o s i t io n a l  f e a t u r e s ,  a l so  probably r e p r e s e n t s  no more than a 
d i s t i n c t i v e  l i t h o l o g i c a l  u n i t  w i th in  the  Core l la  success ion .  The Dugald 
River l e a d - z in c  lode i s  conta ined  in a sha ly  sequence of  ro ck s ,  ranging 
from very micaceous sha le s  to  f i n e  gra ined  mudstones w i th in  which the 
dense,  o f t e n  c o n t o r t e d ,  b lack ,  g r a p h i t i c  and o c c a s io n a l ly  c h l o r i t i c  hos t  
sha le  i s  found.  This sequence i s  under la in  to the  e a s t  by a d i s t i n c t i v e  
b la ck ,  very  well bedded a r g i l l a c e o u s  l imes tone  which a l so  ou tc rops  to  the 
south west  o f  the Knapdale q u a r t z i t e  where i t  i s  c h a r a c t e r i s t i c a l l y  
fo lded .  To the w es t ,  the  sha le  sequence i s  o v e r l a in  by c a l c - s i l i c a t e  
rocks and a fragmented d e r i v a t i v e  r e f e r r e d  to  as l imes tone agglomera te .
The most r e c e n t  Lower P ro te rozo ic  sediments are the  Chumvale b recc ia  
and Deighton q u a r t z i t e  in the  Mary Kathleen - Cloncurry a rea  and the 
Quamby conglomerate,  p o s s ib ly  of  Upper P ro te rozo ic  age,  in the  Dugald 
River a r e a ,  a l l  o f  which l i e  unconformably on rocks of  the Core l la  
formation (F igs .  2 and 4) .  The Deighton q u a r t z i t e  gives r i s e  to  rough,  
h i l l y ,  high r e l i e f ,  w h i l s t  the coarse Quamby conglomerate,  c o n ta in ing  a rkos ic  
sed im ents ,  forms rough,  s teep  sided  h i l l s ,  no tably  Mount Quamby. O u t l i e r s  
of f l a t - l y i n g ,  Mesozoic sands tones ,  conglomerates ,  s i l t s t o n e s  and s h a l e ,  
f r e q u e n t ly  showing su r face  l a t é r i s a t i o n ,  a l so  l i e  unconformably on the  
Lower P ro te ro zo ic  rocks to  the  e a s t  of  the  reg ion where bedrock i s  
f r e q u e n t ly  masked in both study  a reas  by the  most r ece n t  d e p o s i t s  of  
Cainozoic so i l  and al luvium.
In s t r u c t u r e  the region i s  q u i t e  complex, with four  major a n t i ­
c l i n o r i a  being p r e s e n t ,  and f a u l t i n g ,  dominated by nortli e a s t  s t r i k i n g  
components of a conjugate s h e a r - f a u l t  system (of ten  with r e l a t e d  m in e ra l ­
i z a t i o n )  and a zone of  r eve rse  f a u l t i n g .  S t r i k e  f a u l t i n g  i s  a l so  common. 
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of  fo ld in g  which i s  s trong  t o  i s o c l i n a l  with f o ld  axes e x t e n s i v e ly  over ­
tu rned .  Except f o r  the i n t r i c a t e  p l a s t i c  deformation o f  the  c a l c -  
s i l  i c a t e  rocks and Mitakoodi q u a r t z i t e s ,  f o ld in g  is  r e l a t i v e l y  simple 
with axes s t r i k i n g  w ith in  a few degrees  of  n o r th - sou th .  To the  
immediate west of  Cloncurry ,  the major fo ld  axes trend  roughly e a s t - w e s t ,  
w h i l s t  in the area  enclosed  by the Mitakoodi q u a r t z i t e ,  axes s t r i k e  north  
e a s t ,  roughly p a r a l l e l  to  th e  d i r e c t i o n  of  the main f a u l t s  in the  a rea .  
I n t r i c a t e  fo ld in g  o f  t h i s  fo rm a t ion ,  a l s o  on nor th e a s t  to  e a s t - n o r t h ­
e a s t  axes ,  i s  a t t r i b u t e d  to  s h e a r - f o ld i n g  o f  the competent s t r a t a  which 
l i e  between the  incompetent  s t r a t a  o f  the  Marraba Volcanics and the  Marimo 
s l a t e .
Although the  region c o n ta in s  a v a r i e t y  o f  ore d ep o s i t s  in d i f f e r e n t  
hos t  geo log ica l  fo rm at ions ,  impor tan t  mineral depos i t s  mainly occur 
w ith in  the  C ore l la  formation in r e l a t i v e l y  unmetamorphosed a r g i l l a c e o u s  
sedim ents ,  p a r t i c u l a r l y  carbonaceous ,  g ra p h i t e  and dolom i t ic  sha le s  and 
s l a t e s .  Otherwise m i n e r a l i z a t i o n  appears to depend l a r g e l y  on shear ing  
i n t e n s i t y ,  al though many ore d e p o s i t s  occur a t  con tac ts  o f  competent 
and incompetent  s t r a t a .  Uranium and r a r e  e a r t h  minera ls  (mainly cerium, 
y t t r i u m ,  lanthanum and erbium) occur in h ig h ly  a l t e r e d  metasediments in 
the  Core l la  formation a t  Mary Kathleen where the  ore i s  of  pyrometasomatic 
o r ig i n  (Matheson and Sea'.'le 1966). However, most l a rg e  mineral  d ep o s i t s  
wi th in  the  reg ion have been concen t ra ted  by e p ig en e t i c  p rocesses  and i t  
i s  l i k e l y  t h a t  most m i n e r a l i z a t i o n  was probably a s s o c ia t e d  with  the 
copper phase with p o s s ib ly  some o f  the base and precious  metal d e pos i t s  
being formed by the r e m o b i l i z a t io n  o f  e a r l i e r  formed d ep o s i t s  during a 
subsequent  orogenic phase.
The main minera l ized  zone of  the Dugald River lode occurs in a nor th 
tr end ing  s h e a r  and can be t r a c e d  along s t r i k e  fo r  more than 1 % Km although 
the main ore shoot  outci op marked by f e r rug inous  gossans i s  only  about  240 m
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long and 12 m wide a t  the s u r f a c e .  D r i l l i n g ,  p r io r  to  1965 by 
Consol ida ted Zinc Corp. Pty.  confirmed the  ex i s t ence  o f  a l a r g e ,  low-grade 
d e p o s i t  of  s i l v e r - l e a d - z i n c ,  the  average tenor  a t  the 36 m (120 ' )  level  
being 2.5% le ad ,  12.5% z inc  and a s i l v e r  con ten t  of  3 oz per  ton .  Copper 
i s  p r e s e n t  only with q u a r t z  and f e r rug inous  boxworks in the nor thern  
ex t re m i ty  o f  the  lode s h a le s  (Ausminda l e a s e s ) ,  in the  southern  hanging-wall  
where ma lach i te  s t a i n i n g  o c c u r s ,  and with lenses  of  gossanous m a te r ia l  on 
the western c a l c - s i l i c a t e / s h a l e  boundary.
Copper m i n e r a l i z a t i o n  w i th in  the  reg io n ,  occurs g e n e r a l l y  in r e l a t i v e l y  
smal l ,  d i s con t inuous  zones p a r a l l e l  to  the  bedding and i s  mainly confined  to 
the  c a l c - s i l i c a t e  rocks o f  the Core l la  fo rmat ion ,  al though small d e pos i t s  
a l so  occur in the Leichhard t  metamorphics,  Kalkadoon g r a n i t e  and Marraba 
vo lc a n ic s .  I t  i s  p o s s ib le  t h a t  copper m i n e ra l i z a t io n  may be r e l a t e d  to 
c e r t a i n  l i t h o l o g i c a l  u n i t s  w i th in  the very va r ia b le  success ion  o f  the ■ 
Core l la  fo rmat ion  but  i n s u f f i c i e n t  work and d e t a i l e d  geo log ica l  mapping has 
been done a t  p r e s e n t  to  e s t a b l i s h  such a c o r r e l a t i o n .
1.3 R e l i e f  and geomcrphology
The p re sen t  su r face  r e l i e f  r e f l e c t s  the  reg ional  and loca l  geo log ica l  
s t r u c t u r e s  and the l i t h o l o g i c a l  d i v e r s i t y  o f  the rocks p re s e n t  w ith in  the 
region and a l so  inc ludes  s i g n i f i c a n t  elements o f  e a r l i e r  landscapes  developed 
under geo log ica l  and c l im a t i c  con d i t io n s  d i f f e r e n t  from those ob ta in ing  now. 
Although the  evo lu t ion  of  the reg ion has been r e l a t i v e l y  simple in o u t l i n e  
but  complex in d e t a i l ,  the dominant f a c t o r  has been the exhumation o f  a 
landscape s t ro n g ly  c o n t ro l l e d  by the  under ly ing  Precambrian geology.
Within the two study a rea s  the major topographic  f e a t u r e s  are  c l o s e l y  
r e l a t e d  to  the  under ly ing geology. The major r e l i e f  in the  Dugald River 
area i s  the conspicuous nor th  south r idge  formed by the r e s i s t a n t  
Knapdale q u a r t z i t e s  wnich r i s e  to between 280 and 300 m above sea l e v e l .  
Prominent r idges  and small a rea s  o f  rocky h i l l s  provide the  on ly  o th e r  
topographic f e a t u r e s  in t h i s  a r e a ,  which otherwise c o n s i s t s  of  c h a r a c t e r ­
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i s t i c  g en t le  p l a i n s ,  g e n e r a l l y  f l a t  and f e a t u r e l e s s  except  f o r  p la teau  
r e l i c s  and i s o l a t e d  mesas formed by the  gen t ly  dipping o u t l i e r s  o f  
Mesozoic/?Upper P ro te ro z o ic  rocks .  The r i d g e s ,  such as the prominent  
Mount Rosebee (285 m e t r e s ) ,  a r e  u s u a l l y  composed of  r e s i s t a n t  qua r tz  and 
r e l a t e d  to  s i l i c i f i c a t i o n  along f r a c t u r e  zones. In a d d i t i o n ,  the l imes tone-  
sha le  sequence ,  enc lo s ing  th e  Dugald River lode ,  i s  somewhat s i l i c i f i e d  and 
forms a minor r idge  p a r a l l e l  to  t h a t  o f  the Knapdale q u a r t z i t e s .  The p l a i n -  
lands to the  south and e a s t  a re  broken by s c a t t e r e d ,  rough outc rops  of  
weathered Naraku g r a n i t e  with  some metamorphic rocks ,  which in p la ces  form 
small groups of  h i l l s .
The va r ie d  r e l i e f  o f  the  Mary Kathleen - Cloncurry area  i s  comprised o f  
a s e r i e s  o f  predominantly n o r th - s o u th  t rend ing  r idges  and h i l l s  which range 
from 240 m above sea l eve l  in the  e a s t  to 579 m in the  west .  In ad d i t io n  to 
p la teau  remnants in the w es t ,  the occurrence  of  a marked accordance o f  r idge  
c r e s t s  sugges ts  t h a t  t h i s  a rea  has evolved as a major p la teau  which has s ince  
been l a r g e l y  d i s s e c t e d .  The most common landfcrms in the  west o f  the region 
are long f l a t - t o p p e d  r id g es  and p la teau  s u r faces  bes t  p reserved  on r e s i s t a n t  
q u a r t z i t i c  rocks such as those  observed on the Deighton q u a r t z i t e  to the 
west o f  Mary Kathleen.  R e l i e f  ampli tude ranges between 160 m near  major 
r i v e r s  and 10 m on major d iv i d e s .  To the e a s t ,  the landscape becomes more 
d i s s e c t e d  with a rea s  r e p r e s e n t in g  a more advanced e ros iona l  s tage  c o in c id e n t  
with ou tc rops  o f  l e s s  r e s i s t a n t  rock such as g r a n i t e ,  s h a l e ,  p h y l l i t e ,  
amphiboli te  and g n e i s s .  No remnants o f  the p la teau  su r face  remain and only 
an accordance of  h i l l  and r idge  c r e s t s  t e s t i f i e s  to  i t s  former e x i s t e n c e .  
Valleys a re  more e x t e n s i v e ,  pediments well r ep resen ted  and c o a l e s c e n t  rocky 
p la in s  occur in many l o c a l i t i e s  such as tho^e found along the  Mary Kathleen - 
Cloncurry and Duchess roads .  Fu r the r  e a s t ,  a rea s  o f  i s o l a t e d  h i l l s  and 
r i d g e s ,  with c h a r a c t e r i s t i c  g r a n i t e  t o r  format ions  and ' tombstone '  weathe ring 
on amphiboli te  and s c h i s t ,  a re  sepa ra ted  by r o l l i n g ,  i r r e g u l a r ,  rocky country,  
In the  extreme e a s t ,  w i th in  the  v i c i n i t y  of  C loncurry , i r r e g u l a r ,  bed rock 
p la in la n d s  occur which are only broken by occasional  h i l l s  and r id g e s .
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Within t h i s  a r e a ,  q u a r t z i t e  and to  a l e s s e r  e x t e n t  the  a l t e r e d  a c i d i c  
l a v as ,  being the most r e s i s t a n t  r o ck s ,  commonly form the  h i l l  and r idge  
ranges which are c h a r a c t e r i s e d  by deeply i n c i s e d ,  narrow wate r  courses .  
C a l c - s i l i c a t e  and b a s a l t i c  rocks give r i s e  to a rough,  rocky s u r face  of  
r e l a t i v e l y  low r e l i e f ,  al though some o f  the  more metamorphosed, r e s i s t a n t  
c a l c - s i l i c a t e  rocks may form s u b s t a n t i a l  r id g es .
Three major cyc les  of  e ro s io n  have been recognised w i th in  North West 
Queensland and th e  s u r faces  r e l a t e d  to  them form important  components in 
the p r e s e n t  r e l i e f .  Twidale (1956) has recognised an e a r l y  Mesozoic,  e a r l y  
T e r t i a r y  and a l a t e  T e r t i a r y  - Qua ternary  su r face  and a d d i t i o n a l l y ,  r e l i c s  
of  a pre-Middle Cambrian e ro s io n a l  p l a i n .  The i n i t i a l  p la n a t io n  i s  c ons id ­
ered to  be e a r l y  Mesozoic in view of the mid o r  l a t e  Mesozoic age o f  the 
rock forming mesas above t h i s  su r fa c e  which probably corresponds to the  
Gondwana su r fa c e  of  King (1949).  This su r face  probably a l s o  in c o rp o ra te s  
elements of  a pre-Middle Cambrian s u r f a c e ,  s ince  r e s id u a l s  o f  t h i s  age a l so  
occur above i t  l o c a l l y ,  o u ts id e  the survey a r e a s ,  as a t  Mt A p l ia ,  some 32 Km 
south o f  Duchess (Twidale 1956).  During the  Cre taceous ,  t h i s  p la in  was 
wholly b u r i e d ,  the  Mesozoic cover l a t e r  being planed and l a t e r i s e d  during the  
e a r l y  T e r t i a r y .  The a n c i e n t  pre-Middle Cambrian and e a r l y  Mesozoic su r faces  
of  e ro s ion  were l a t e r  exhumed as the  e a r l y  T e r t i a r y  p la in  was i t s e l f  
d i s s e c t e d  dur ing  the  l a t e  T e r t i a r y  - Quaternary cyc le .
P re s e n t  widespread evidence of l a t é r i s a t i o n  on i n t e r f l u v e s  and kao l in -  
i z a t i o n  t e s t i f i e s  to w e t t e r  co n d i t io n s  in the  pas t  when c o n s id e ra b le  m o b i l i ­
z a t i o n ,  le ach ing  and secondary p r e c i p i t a t i o n  of  the more s o lu b le  m inera ls  
must have occur red .  L a t é r i s a t i o n  probably accompanied deep wea ther ing in 
e a r l y  to  mid T e r t i a r y  t imes forming a l a t e r i t i c  s u r f a c e ,  l a t e r  d i s s e c t e d  
due to  u p l i f t  and r e juve na t ion  in l a t e  T e r t i a r y  to  Quaternary t imes .  Such 
l a t e r i t i c  c app ings ,  as seen on the  Mesozoic re s idua l  to the  nor th  west of  
Cabbage Tree Creek,  have probably c o n t r ib u te d  to  the c h a r a c t e r i s t i c  formation 
of  s teep  scarps  bounding p la teaux  and mesas.
The p r e s e n t  landscape i s  cons idered  to  have been fashioned b y ‘ 
p e d ip lan a t io n  p rocesse s ,  which l a r g e l y  des troyed  the e a r l i e r  mid
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T e r t i a r y  (v a r io u s ly  dated as Miocene - Stewart  1953, P l iocene  - 
Whitehouse 1940, A u s t r a l i a n  p e d ip la in  -  King 1949) su r face  on which the 
p r e s e n t  d ra in a g e ,  now superimposed, was probably i n i t i a t e d .  The r i v e r s  
which carved the  l a t e  T e r t i a r y  - Quaternary p la in  depos i ted  ex tens ive  
t r a c t s  o f  f lo o d p la in  al luvium,  g en e ra l ly  c o n s i s t i n g  o f  f i n e  sands and 
s i l t s  which now border t h e i r  cou r se s ,  over much o f  t h e i r  l e n g th .  Conse­
quen t ly  w ith in  the  p r e s e n t  landscape ,  coarse al luvium occurs near  s tream 
courses  and spreads  o f  f in e  m a te r ia l  are found in the  leve l  ce n t r a l  
p o r t io n s  o f  i n t e r f l u v e s .  Following t h i s  per iod o f  dominantly f l u v i a l  
e ro s ion  and d e p o s i t i o n ,  o r  p o ss ib ly  in p a r t  contemporaneous with i t ,  
more a r i d  cond i t ions  seem to have s e t  in which have p e r s i s t e d  more or  
l e s s  to the p r e s e n t  day (Whitehouse 1940).
The p r e s e n t  major seasonal  d ra inage  i s  along r i v e r s  which are  
bordered by le vees  and f r e q u e n t ly  a s e r i e s  of  a l l u v i a l  t e r r a c e s .  Minor 
streams and t r i b u t a r i e s ,  f r e q u e n t ly  in c i s e d  in to  coarse  al luvium or 
residuum, appear  in c e r t a i n  l o c a l i t i e s  (west o f  the Dugald River lode 
r idge )  to  have been r e c e n t ly  re juve na ted .  The p a t t e r n  and d e n s i ty  o f  the 
superimposed dra inage  v a r i e s  cons ide rab ly  due to the  wide range o f  
l i t h o l o g i e s  and s t r u c t u r e s  w i th in  the  Precambrian rocks .  Major s t r i k e  
streams such as the  Core l la  ( fo l lowing th  l i n e  o f  the Cameron f a u l t )  
fol low prominent  s t r u c t u r a l  l i n e s ,  w h i l s t  o th e r  major s treams a f t e r  some 
d i s t a n c e  may a b ru p t ly  tu rn  ac ross  the  s t r i k e ,  c u t t i n g  through the  more 
r e s i s t a n t  rocks in deep gorges .  Rec tangula r  drainage  p a t t e r n s  are 
common on q u a r t z i t e ,  and on g r a n i t e ,  s treams are  f r e q u e n t ly  guided by 
rhomboidal j o i n t  systems.  P la in land  a reas  e x h i b i t  varying dra inage  
p a t t e r n s  ranging from a few concen t ra ted  l i n e s  o f  d ra inage  to widespread 
d e n d r i t i c  networks r e l a t e d  to major r i v e r  systems.
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At the  p r e s e n t  time ped ip lana t ion  processes  s t i l l  ope ra te  over 
much o f  the a r e a .  In a d d i t i o n ,  a r e l a t i v e l y  r ece n t  minor u p l i f t  o r  drop 
in sea leve l  (Stewar t  1953) has r e s u l t e d  in a c t iv e  d i s s e c t i o n  by 
re juvena ted  st reams.  However most p re s e n t  day e ros ion  occurs in the 
wet season when heavy f a l l s  o f  r a i n ,  d i s t r i b u t e d  over a r e l a t i v e l y  s ho r t  
space o f  t ime,  r e s u l t  in l a rg e  volumes o f  water  pass ing down r i v e r  and 
stream channels  o f ten  c r e a t i n g  widespread f lood ing .  A f te r  the  long dry 
season,  ground v ege ta t ion  i s  sparse  and consequent ly r u n - o f f  r a t e s  are 
high r e s u l t i n g  in severe  so i l  e ro s io n .  Sporadic,  s h o r t - l i v e d  heavy r a in s  
are  a l so  be l ieved  to be r e s p o n s ib le  fo r  mass movements o f  weathered rock,  
r e s u l t i n g  in f e a t u r e s  such as the q u a r t z i t e  debr is  fans  spreading  out  from 
the f o o t  o f  the  Knapdale q u a r t z i t e  range in the Dugald River a r ea .
1.4 S o i l s .
Within the study  a reas  a l im i t e d  number of  major so i l  types are 
p r e s e n t  which vary in na tu re  and th ickness  in r e l a t i o n  p a r t l y  to bedroc'v 
geology and p a r t l y  to geomorphological p rocesses .  For most o f  the region 
s o i l s  a re  s k e l e t a l  and immature, c h a r a c t e r i s t i c a l l y  l ack ing  any well 
de f ined  t e x t u r a l  d i f f e r e n t i a t i o n  in t h e i r  p r o f i l e  development. Soil 
e ro s io n ,  in the form of  s h ee t  wash, i s  r e spons ib le  f o r  qu ick ly  removing 
la rg e  amounts o f  accumulated d eb r i s  and the lack of  moisture  in the dry 
season i n h i b i t s  the a c t i v i t y  o f  chemical weathering and the consequent 
accumulat ion of  so i l  m a t e r i a l .  Environmental cond i t ions  are  thus not  
conducive to p r o f i l e  development and w ith in  the study a rea s  shal low, 
s tony s o i l s ,  which inc lude  a l a rg e  p ropor t ion  of  coarse  te x tu r e d  mate r ia l  
der ived  from the  underly ing bedrock,  are common. In a d d i t io n  to the  
s k e l e t a l  s o i l s ,  grey ca lca reous  s o i l s ,  a r i d  red e a r t h s  and grey and 
brown s o i l s  o f  heavy t e x t u r e  a re  p re sen t  with in  the  reg ion .
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S ke le ta l  s tony s o i l s  with poor water  r e t a in in g  c a p a c i ty  occur 
over upland a r e a s ,  p a r t i c u l a r l y  those c h a r a c t e r i s e d  by q u a r t z i t e  and 
o th e r  h igh ly  r e s i s t a n t  s i l i c e o u s  rocks .  The p r o f i l e s  inc lude  a high 
percen tage  o f  p a ren t  m a te r ia l  which i s  p r im a r i ly  r e s p o n s ib le  f o r  the 
co lour  and r e a c t io n  p r o p e r t i e s  o f  the  c h a r a c t e r i s t i c  so i l  types .
Soil r e a c t i o n  i s  u s u a l ly  from ne u t ra l  to ac id  on q u a r t z i t e  and s i l i c e o u s  
rocks and bas ic  in the  s o i l s  developed over outcrops  o f  c a l c - s i l i c a t e s  
and l im es tone s .  L i t t l e  o r  no t e x t u r a l  d i f f e r e n t i a t i o n  i s  p r e s e n t  
a p a r t  from a s l i g h t  downward decrease  o f  g ra in  s i z e  in the ma tr ix  mate r ia l  
of  some p r o f i l e s .  S im i la r  s k e l e t a l  and shallow but somewhat f i n e r  
t e x t u r a l  s o i l s  cover s i l i c e o u s  s h a l e s ,  s l a t e s ,  s c h i s t  and g n e i s s ,  and 
t h i n  stony c lays  may be developed on more r e a d i ly  weathered sha le  and 
s c h i s t  fo rmat ions .
Grey ca lca reous  s o i l s ,  der ived  from weathering o f  the  more 
ca lca reous  c a l c - s i l i c a t e  rocks ,  occur on le ve l  i n t e r f l u v e s  and g en t le  
s lo p e s .  They dre g e n e r a l l y  sha llow, a t t a i n i n g  depths o f  up to one metre.  
These s o i l s  a re  t y p i c a l l y  grey in co lour  but  tend to dark grey where they 
con ta in  o rgan ic  m a t te r  o r  to  red  where iron  oxides a re  p r e s e n t .  The 
r e a c t io n  of  the so i l  i s  bas ic  and t e x t u r a l  d i f f e r e n t i a t i o n  i s  v i r t u a l l y  
absen t  except  f o r  the é l u v i a t i o n  o f  small amounts o f  c lay  m a t e r i a l .
Arid red e a r th s  have developed from both re s idua l  m a te r ia l  and 
sheetwash depuaius in the  r e l a t i v e l y  leve l  t e r r a i n  o f  the  lower ly ing  
i n t e r f l u v e s .  They vary in depth but  r a r e l y  exceed 2 m; t e x t u r a l  
d i f f e r e n t i a t i o n  i s  minimal being l im i t e d  to a general decrease  in g ra in  
s i z e  with dep th .  These s o i l s  comprise sandy to sandy c lay  loams, 
sometimes with g r i t  and f i n e  gravel  der ived  from s u r face  wash, over -  
ly ing  a compact s t r u c t u r e l e s s  c l ay  which passes  in to  weathered bedrock.  
Where the p r o f i l e  i s  deep,  exceeding 2m, the  s o i l s  c h a r a c t e r i s t i c a l l y
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con ta in  a l a y e r  of  c a l c r e t e  a t  a depth of  over one metre;  where they 
o v e r l i e  c a l c - s i l i c a t e  bedrock,  lenses  o r  nodules of  ca lca reous  m a te r ia l  
may occur  th roughout the  p r o f i l e .  The pH v a r i e s  from 6.4 to 7.2 near the 
s u r face  to 6.6 to 9.2 a t  depth.
The fo l lowing t y p i c a l  p r o f i l e  i s  s i t u a t e d  in the e a s t  o f  the  Dugald 
River a rea  to the  nor th  o f  the  Quamby t rack  (Film 31, frame 194).
S i t e  D e s c r i p t i o n :-  Level ground developed over  c a l c - s i l i c a t e  rock;  
su r fa c e  accumulat ion of  q u a r tz  pebbles and c a l c - s i l i c a t e  g r a v e l .  Very
open v e g e ta t io n  with i s o l a t e d ,  widely spaced Eucalyptus papuana and
E. a rg illa c e a  t r e e s  and a dense ground cover o f  c l o s e l y  spaced Eriachne 
dom'inï'ùj Sporoholus a u stra la sta u s  ^ A r ïs tïd a  contorta  and Tragus austraVianus 
grass  s p ec ie s .
P r o f i l e  D e s c r ip t i o n .
0 - 18 cm Yellowish Red 5 YR 4/8 loamy sand with a l i t t l e  c l a y ,  loose
c o n s i s te n cy ,  many small angular  fragments up to  300 mm and 
sub-angula r  qu a r tz  pebbles up to 450 mm.
Carbonate r e a c t i o n  0,  pH 6 .0 .
18 - 50 cm Red 2.5 YR 4/8  sandy c lay  with many small s tones  up to 150 mm
and sub-angu la r  qua r tz  fragments up to 250 mm, and loose
c o ns i s te ncy .
Carbonate r e a c t io n  0, pH 6.0
50 - 82 cm Dark red 2 .5  YR 3/6 loamy c lay  with f r i a b l e  co n s i s te n cy  and
a few g'^avel fragments inc lud ing  quar tz  and b i o t i t e  up to 
120 mm.
Carbonate r e a c t io n  0, pH 6 . 0 .
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82 - 104 cm Reddish brown 2.5 YR 4/4 s i l t y  c l ay  loam with compact
c o ns i s te ncy  and a l a rge  in c re ase  in b i o t i t e  fragments
up to 80 rnm g iv ing  the  p r o f i l e  a c h a r a c t e r i s t i c  green 
appearance ,  f i n e r  s o i l  m a tr ix .
Carbonate r e a c t io n  0,  pH 6.4
104 - 210 cm Reddish brown 5 YR 4/4 s i l t y  c lay  wi th massive
co n s i s te n cy  and weathered fragments up to 60 mm
of  b i o t i t e  s c h i s t  pa ren t  m a t e r i a l .  Modules o f  c a l c r e t e  
up to  110 mm and grading in to  weathered s c h i s t .
Carbonate r e a c t io n  0, pH 7.1
E l u v ia t io n  of  f i n e r  c lay  m a te r ia l  in the  wet season r e s u l t s  in a 
decrease  o f  g ra in  s i z e  with depth but  t h i s  has not  reached the  s tage  
where d i s t i n c t  hor izons have been developed.  Carbonate accumulat ion zones 
are  probably  formed by s o lu t i o n  in r a in w a te r ,  downward le ach ing  and 
subsequent  redepos i t ion  a t  the bedrock su r face  c o n t a c t .  A po lygene t ic  
o r i g i n  i s  suggested fo r  the  a r id  red ea r th  s o i l s  (Stephens 1962) which 
r e p r e s e n t  red c lay  e a r th s  formed in a previous w e t t e r  c l i m a t i c  environment 
and l a t e r  p e n e t r a ted  by calcium carbona te .  This l a t t e r  lime d ep o s i t io n  
could be a temporary invasion  of  the  p r o f i l e  by ground water  o r ,  l e s s  
p robab ly ,  continued weathering o f  s o i l  m a te r ia l  and lime accumulat ion 
under the  p r e v a i l i n g  a r i d  cond i t ions  (Stephens 1962).
Grey brown s o i l s  o f  heavy t e x t u r e  occur over the  f lood  p l a in  of  
Cabbage Tree Creek,  nor th  o f  the  L i t t l e  Eva mine and the  Cloncurry River.  
They comprise o f  cl ays  and heavy c lay  loams in which deep v e r t i c a l  cracks 
up to 6 cm ac ross  develop during the dry season.  There is  no d i s t i n c t  
horizon development and the change to  c a l c - s i l i c a t e  bedrock a t  t h e i r  
base i s  ab rup t .  A c a l c r e t e  l a y e r  a t  the  base o f  the p r o f i l e  sugges ts
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format ion  under co n d i t io n s  o f  a l t e r n a t i n g  water- logging  and d rought .
This a c t i o n  a l s o  probably accounts  f o r  the d i s t i n c t  su r fa c e  micro­
r e l i e f  p a t t e r n  o f  low r i s e s  and dep re s s io n s .  Small g r i t - s i z e d  rock 
f ragments ,  mainly o f  l o c a l l y  outcropping  magneti te ,  a re  s c a t t e r e d  
th roughout the  p r o f i l e ,  probably having been washed dov/n the cracks  
during per iods  of  heavy r a i n .  Soil r e a c t io n  i s  predominantly b a s ic .
Two s o i l  p r o f i l e s  taken on the  L i t t l e  Eva P la in lands  reveal  s l i g h t  
d i f f e r e n c e s  in co lour  and t e x t u r e  between depress ion and r i s e  s i t e s  in 
the s u r f a c e  m i c r o r e l i e f .
S i t e  D e s c r i p t i o n : - Gentle depress ion  on level  p la in la n d  developed 
on c a l c - s i l i c a t e  rocks .
The ve g e t a t i o n  i s  open g ra s s lan d  with no t r e e s  except  f o r  the  
i s l o l a t e d  Atalaya hemiglccuca. D i s t i n c t  spec ies  zonat ion  outwards 
from Enneapogon aoenaceous and A r-isttda contorta  a t  the  c e n t r e  of  the 
dep res s ion  to t h i c k  growth of  Sporoholus auscralasicus  and Ooimum 
sanction a t  the margins.
P r o f i l e  D esc r ip t ion
0 - 130 cm Dark brown 7.5 YR 4/4 s i l t y  c l ay  with tenac ious
c o ns i s te ncy  and cloddy s t r u c t u r e .  In f requen t  
s c a t t e r i n g  o f  sub-angu la r  magne ti te  and c a l c - s i l i c a t e  
fragments up to  200 mm. Some h o r izo n ta l  f o l i a t i o n  
p r e s e n t ,  deep cracks  up to 5 cm across  ex tend ing to 
115 cm depth.  Small c a l c r e t e  nodules up to 20 mm 
more common with depth.
Carbonate r e a c t io n  0,  (pH 7.2 s u r face )  pH 7.6
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130 - 150 cm Dark reddish  brown 5 YR 3/4 sandy c lay  with f r i a b l e  
cons i s tency  and g ranu la r  s t r u c t u r e .  Frequent  sub- 
angu lar  gravel  and weathered bedrock up to 400 mm 
with abundant ca lca reous  mate r ia l  and v e i n l e t s  o f  
c a l c i t e .
Carbonate r e a c t io n  over 5%, pH 8.6
S i t e  D e s c r ip t i o n : -  Gentle r i s e  on level  p la in lan d  developed on c a l c -  
s i l  i c a t e  rocks.
Open g ras s land  v e g e ta t io n  except  f o r  i s o l a t e d  Atalaya hemiglauca t r e e s .  
D i s t i n c t  veg e ta t io n  a s s o c i a t i o n  c o n s i s t i n g  of  marginal bands of A streb la  
squarrosa  grading in to  a complex a s s o c i a t i o n  of  Brachyacne eonvergens^ 
Iseilem a macratherurrij, Sida acuta^ P tilo tu s  spioatus  and C rota laria  
tr ifo lia s tru m .
P r o f i l e  D e s c r ip t i o n .
0 - 118 cm Dark redd ish  brown 5 YR 3/4 c lay  with tenac ious
cons i s te ncy  and cloddy s t r u c t u r e .  In f req u en t  sub- 
angular  c a l c - s i l i c a t e  gravel  up to 300 mm and magneti te  
fragments up to 400 mm. F is su red  with cracks  up to 
4 cm across  and extending to 86 cm in depth .  Small 
c a l c r e t e  nodules up to 40 mm.
Carbonate r e a c t io n  over 5%, (pH su r face  8 .2 )  pH 8 .8
118 - 140 cm Brown 7.5  YR 5/4 sandy c lay  with compact co n s i s te n cy  and 
nu t ty  s t r u c t u r e .  Frequent  c a l c - s i l i c a t e  coarse  gravel 
and weathered bedrock up to 550 mm. Abundant ca lca reous  
m a te r ia l  and s o l id  masses o f  c a l c r e t e  above ab rup t  
boundary with bedrock.
Carbonate r e a c t io n  over 10%, pH 9.2
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The s u b t l e  d i f f e r e n c e s  in s o i l  p r o f i l e  between these  two s i t e s ,  
marked by d i s t i n c t  vege ta t ion  a s s o c i a t i o n s ,  must be r e l a t e d  to  the  a l t e r n a ­
t in g  con d i t io n s  of  w a te r - logg ing  and drought.  A t e x tu ra l  s o r t i n g  o f  clay  
mineral p a r t i c l e s  probably r e s u l t s  in d i f f e r i n g  so i l  moisture  regimes 
which a re  a l so  a f f e c t e d  by the leng th  of  time water l i e s  a f t e r  r a i n s .  The 
lack of  t e x t u r a l  d i f f e r e n t i a t i o n ,  sharp ju n c t io n  with the under ly ing  
bedrock and d i s t r i b u t i o n  of  the se  s o i l s  i n d i c a t e s  t h a t  they have been 
developed from f ine  c l ay  al luvium depos it ed  by major r i v e r s .  S im i la r  
conclus ions  have been a r r iv e d  a t  in o the r  a reas  of nor thern  A u s t r a l i a  
( C h r i s t i a n  e t  a l ,  1954 in the  Barkly reg io n ) .
Areas of  c a l c r e t e  and levee s o i l s  occur l o c a l l y  w ith in  the  s tudy  areas  
where d ra inage  cond i t ions  have been favourable  fo r  t h e i r  fo rmat ion .  The 
d i s t r i b u t i o n  o f  c a l c r e t e  d e p o s i t s  i s  mainly r e l a t e d  to  dra inage  cou r se s ,  
the c a l c - s i l i c a t e  rocks provid ing  the  source o f  calcium removed in so lu t ion ,  
Such d e p o s i t s  may suppor t  a th i n  s o i l ,  the sur face  o f ten  being a f f e c t e d  by 
sheetwash which i s  r e s p o n s ib le  f o r  the  mixing of  c o l lu v i a l  s o i l  m a te r i a l s  
r e s u l t i n g  in a shallow la y e r  being formed over weathered and s o l i d  c a l c r e t e  
However, where l imes tone  agglomerate outc rops produce i r r e g u l a r  t e r r a i n ,  as 
to the  e a s t  of  the Dugald River lo de ,  c a l c r e t e  i s  absen t  from the  p r o f i l e  
and the  s o i l s  a re  g e n e ra l ly  s k e l e t a l .  S o i l s  developed on r e c e n t  a l l u v i a l  
m a te r ia l  are  only found on l e v e e s ,  r i v e r  t e r r a c e s  and a reas  of  a l l u v i a l  
dep o s i t io n  loca ted  near to  ac tua l  s tream beds.  P r o f i l e s  are u s u a l ly  deep,  
al though th e re  i s  l i t t l e  t e x t u r a l  d i f f e r e n t i a t i o n  except  f o r  a s l i g h t  
decrease in g ra in  s i z e  with dep th .  Soil pH inc reases  from around 6.5 a t  
the s u r face  to 9.2  a t  the g r e a t e s t  depth reached (265 cm), thus c o r r e l a ­
t i n g  with the in c re a se  in frequency o f  c a l c r e t e  nodules down the  p r o f i l e .
A l im i t e d  d i s t r i b u t i o n  o f  l a t e r i t i c  s o i l ,  with d i s t i n c t  e l u v i a l  and 
i l l u v i a l  ho r izons ,  occurs over the  Mesozoic mesas north  o f  the  Knapdale 
q u a r t z i t e  range and in the nor th  e a s t  of  the Mary Kathleen - Cloncurry
29
area  and i s  a r e l i c  o f  the  mature s o i l s  formed during e a r l i e r  and w e t t e r  
c l i m a t i c  c y c l e s .  However, over the reg ion as a whole, l i t t l e  c o r r e l a t i o n  i s  
apparen t  between the  d i s t r i b u t i o n  of  s o i l s  and the geomorphic su r face  on 
which they  occur ,  the occur rence of  d i f f e r e n t  so i l  types being mainly 
r e l a t e d  to  the  in f luence  o f  pa ren t  m a t e r i a l .
1.5 Vegeta t ion
Over North West Queensland as a whole,  savanna,  composed e s s e n t i a l l y  
of  t r e e s  and g r a s s e s ,  forms the  main veg e ta t io n  formation and c h a r a c t e r ­
i s t i c a l l y  occupies those a rea s  exper ienc ing  w in te r  drought .  On the 
ba s i s  o f  d i s t i n c t  physiognomic c h a r a c t e r i s t i c s ,  der ived from d i f f e r e n c e s  
in the  form and frequency of  the  t r e e s  and g rasses  caused by v a r i a t i o n s  
of  h a b i t a t ,  the savanna can be subdivided in to  sm al le r  u n i t s  o r  sub­
fo rm at ions .  Within the  s tudy  a r e a s ,  low t r e e  and shrub savanna c o n s t i t u t e s  
the v e g e ta t io n  fo rmat ion ,  excep t  in a rea s  c h a r a c t e r i s e d  by dark brown or 
black crack ing  c lays  where pure g ras s land  occurs .
The low t r e e  and shrub savanna c o n s i s t s  o f  communities o f  widely 
spaced,  low growing g ra s se s  (under 80 cm high) with abundant annuals  
and studded with widely spaced ,  low growing t r e e s ,  and shrubs o f ten  l e s s  
than two metres high (Cole 1963).  The physiognomy and spec ie s  composit ion 
o f  the format ion i s  a response to  the i n t e r p l a y  of  s o i l ,  r e l i e f  and 
dra inage  cond i t ion^  in the  r e g io n ,  which in tu rn  are  r e l a t e d  to  the  
geomorphology and underly ing bedrock geology.
The veg e ta t io n  in the low t r e e  and shrub savanna i s  very open,  with 
the widely spaced t r e e  canopy being u su a l ly  dominated by Eucalyptus 
spec ies  ( g e n e r a l l y  under 8 metres h igh) .  E. bi-^evifoHa  i s  the most 
f r e q u e n t ,  p a r t i c u l a r l y  on ac id  rocks but i s  absen t  from areas  of  ba s ic
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rocks where E. tevm inalis  and E. cœ gillaoea  are more t y p i c a l .  E\ Papuana 
occurs s p o r a d i c a l l y ,  w h i l s t  E. dichromophloia i s  found on the  Knapdale 
q u a r t z i t e  range and E, pvuinosa in a rea s  o f  high so i l  m o is tu re ,
E. -camuldulensis being conf ined to  water  courses .  Other t r e e  spec ie s  
are  uncommon but here and th e re  the gidgea t r e e ,  Aoaoia camhagei forms 
small a rea s  o f  scrub woodland and specimens of  Bouhinia:, Atalaya^ Hakea 
and G revillea  spec ie s  occur s p o r a d i c a l ly .
The shrub s tra tum i s  normal ly a t  a low d en s i ty  and f r e q u e n t ly  non- 
e x i s t a n t .  Acacia spp. e s p e c i a l l y  Acacia chishoïm ii are  most common, 
dominantly on ac id  rocks ,  w h i l s t  C assia  spp. tend to p r e f e r  l imes tone 
l o c a t i o n s .  The spiny shrub Ccœissa is  ge n e ra l ly  p r e s e n t  in
sandy dra inage  courses  and in wash a rea s  over level  ground. The ground 
l a y e r  i s  g e n e ra l ly  d is con t inuous  with the perennia l  evergreen grass  
Tviodia pungens forming the dominant ,  e s p e c i a l l y  on s k e l e t a l  s o i l s .
Annual grass  and herb spec ie s  occupy the  deeper s o i l s  o f  the leve l  t e r r a i n  
a f t e r  good r a in s  (Blake 1938, Per ry  and Lazarides  1964).
The range of  v eg e ta t io n  a s s o c i a t i o n s  occur r ing  in the low t r e e  
and shrub savanna of  the  survey a reas  r e f l e c t s  the d i v e r s i t y  of  
h a b i t a t  p r e s e n t  with in  the physica l  environment of  t h i s  r eg ion .  On the  
b a s i s  o f  a previous  vege ta t ion  study in the Dugald River area  (Provan 
1965) and the  i n t e r p r e t a t i o n  o f  the mult i  s p e c t r a l  photography in 
a s s o c i a t i o n  wit^' t r a n s e c t  da ta  and f i e l d  mapping, ten major ve g e t a t i o n  
a s s o c i a t i o n s  could be i d e n t i f i e d .  The Eucalyptus b v e v ifo lia  -  Tviodia  
pungens a s s o c i a t io n  i s  widely d i s t r i b u t e d  and mainly found over  up lands ,  
r idges  and o th e r  a reas  with s k e l e t a l  s o i l s  der ived  from s i l i c e o u s  rocks 
( p l a t e  I ) ,  w h i l s t  an a s s o c i a t i o n  of  Eucalyptus a vg illa cea  -  Acacia chisholm ii 
Tviodia pungens occurs over a rea s  of  low ground with deeper s o i l s  weathered 
from ca lcareous  rocks (p l a t e  ?.). On upland q u a r t z i t e  a r e a s ,  where e l e v a ­
t i o n  and r a i n f a l l  i s  h ighe r .  Eucalyptus dichvomophloia becomes co-dominant 
with Eucalyptus b v e v ifo lia  in an a s s o c i a t i o n  with Tviodia pungens.
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PLATE 1. Eucalyptus bvevifo lia^  Tviodia pungens a s s o c i a t i o n
over  s i l i c e o u s  sha les  to the  west o f  the Dugald River 
l o d e . ,
^  A
PLATE 2. Eucalyptus avgillacea^ E, tevminalis^ Acacia chisholmii^
"tviodia pungens a s s o c i a t i o n  over black a r g i l l a c e o u s  l imes tone 
to  the e a s t  o f  the Dugald River lode .
3 2
PLATE 3. Eucalyptus avgillacea^ E. bvevifolia^  Enneap>ogon 
polyphyllus  a s s o c ia t io n  over banded c a l c - s i l i c a t e  
rocks to the e a s t  o f  the Corel la  River.
PLATE 4. Eucalyptus a vg illacea , E. tevm inalis, Eviachne dom inii, 
Spovobolus aus'tvalasicus a s s o c ia t io n  over covered ground 
under la in  by c a l c - s i l i c a t e  rocks e a s t  o f  the Knapdale 
q u a r t z i t e  range.
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E. a rg illa cea , E. h re v ifo lia  or both of  these  t r e e  spec ies  may be 
a s soc ia ted  with a ground l a y e r  dominated by Enneapogon golyphijllus  which 
i s  widely found over s k e l e t a l  s o i l s  developed on h i l l s  and r o l l i n g ,  rocky, 
i r r e g u l a r  country  formed by the  more r e s i s t a n t  c a l c - s i l i c a t e  rocks o f  the 
Corel la  format ion ( p l a t e  3) .  In areas  o f  covered ground,  composed of  
mixed c o l lu v i a l  and r e s idua l  mate r ia l  and forming leve l  p la in lan d s  or  
ex tens ive  i n t e r f l u v e s ,  E. a vg illa cea  may a l so  occur with E. tevm inalis 
over a ground l a y e r  dominated by ephemeral grass  spec ies  such as Eviachne 
dominii and Spovobolus austvalasicu s  (p l a t e  4) which die  o f f  producing 
ex tens ive  areas  of  bare gound in the dry season.
Dis t ingu ished  by a c lose  cover o f  t r e e s  and a dense ground l a y e r  of  
various  g rasses  the  E. a vg illa cea  -  E. tevm inalis -  Atalaya hemiglauca -  
Themeda a u s tv a lis  -  Chvysopogon fa lla x  a s s o c ia t io n  (p l a t e  5) i s  l im i t e d  
in i t s  d i s t r i b u t i o n  to  l a rge  depress ions  and shallow drainage l i n e s  where 
dark coloured  c lay  s o i l s ,  s u b je c t  to p e r iod ic  wate r logg ing ,  occur with in  
areas  c h a r a c t e r i s e d  by a r i d  red e a r th  s o i l s .  An a s s o c ia t io n  of  
E. a vg illa cea  -  E. tevm inalis -  Acacia cambagei -  Cenchvus pennisetifovm is  
( p la t e  6) i s  found on leve l  ground and f i n e  te x tu red  s o i l s  a d jacen t  to  the 
Dugald and Cloncurry Rivers where i t  occupies the t r a n s i t i o n a l  zones 
between the heavy c lay  s o i l s  o f  the  f lood p l a i n s ,  suppor t ing  Acacia cambagei, 
and the a r id  red e a r th  s o i l s  dominated by E. a vg illa cea  a s s o c i a t i o n s .
Acacia cambagei with small t r e e s  and shruos of  Maytenus, Evemophila 
and Atalaya  spp. ( p la t e  7) forms scrub woodland over l a t e r i s e d  s h a l e s ,  
f l a t  topped mesas capped by l a t e r i s e d  Mesozoic sandstone and patches  of  
i ron  r i c h  l a t e r i t i c  gravel  which have been der ived from the  l a t e r i s e d  s o i l s  
t h a t  mantled the formerly ex tens ive  mid T e r t i a r y  eros ion su r face .  Acacia 
cambagei a l so  occurs widely on the  f i n e - t e x t u r e d  s o i l s  o f  the  f l a t ,  
ex tens ive  f lood p la in s  of  the Dugald and Cloncurry Rivers and Cabbage Tree
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PLATE 5. Eucalyptus avg illa cea , E, tevm inalis, Atalaya hemiglovva, 
Themeda a u s tv a lis , Chvysopogon fa lla x  a s s o c i a t io n  over 
sandy al luvium in the Dugald River f loodp la in  south o f  
Clayre Creek.
t m M :
PLATE 6. Eucalyptus avg illa cea , E. tevm inalis. Acacia cambagei,
Cenchvus pennisetifovm is  a s s o c ia t io n  over sandy al luvium 
in the Cloncurry River f loodp la in  south o f  Cloncurry.
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PLATE 7. Acacia cambagei woodland over l a t c r i z e d  mesozoic sandstone 
on a p la teau  res idual  nor th  west o f  Cabbage Tree Creek.
PLATE 8. Acacia cambagei a s s o c ia t io n  over covered ground in the 
Dugald River f loodp la in  north  e a s t  o f  Roseby homestead, 
t r a n s e c t  2.
3 6
Creek ( p l a t e  8) .  Across the  f lood  p l a in s  well defined g a l l e r i e s  o f  t r e e s  
fol low the  courses  of  r i v e r s  and major creeks (p la t e  10) with Melaleuca 
leucadendron, T ristan ia  gran diflora  ànd E, camuldulensis c h a r a c t e r i s t i c a l l y  
growing in the  stream bed and Bouhinia ccœronii, E, papuana, Terminalia 
a r id ic o la  and o the r  spec ies  occur r ing  along the banks. Acacia chisholm ii, 
a d d i t i o n a l l y  o f ten  forms a dense shrub l a y e r  over d i s s e c t e d  t e r r a i n  near 
main s tream courses .
In ad d i t io n  to the ve g e ta t i o n  a s s o c i a t io n s  of  the  low t r e e  and shrub 
savanna,  pure g rass land  occurs  over p la in lands  formed of  dark brown or 
black c racking  clays  in the  Dugald River area nor th  west o f  Cabbage Tree 
Creek and in the extreme e a s t  o f  the Mary Kathleen - Cloncurry area  where 
the A stveb la  squarrosa -  Iseilem a macratherum -  Brachyacne convergens 
a s s o c i a t io n  (p l a t e  9) i s  dominant.
The in f luence  o f  the  i n t e r p l a y  of  environmental parameters  i s  impor tant  
in c o n t r o l l i n g  the  d i s t r i b u t i o n  of  ind iv idua l  spec ies  and p l a n t  a s s o c i a t i o n s  
In the survey areas  the d i s t i n c t i v e  vege ta t ion  a s s o c i a t i o n s ,  in g e n e ra l ,  
occupy s i t e s  c h a ra c te r i s e d  by a p a r t i c u l a r  combination of  s o i l ,  r e l i e f  and 
drainage  cond i t ions  which are f r e q u e n t ly  r e l a t e d  to the under ly ing geology.  
The in f luence  of  the under lying geology in t h i s  semi-ar id  environment is  
im por tan t ,  f o r  except  in a rea s  of major d ra inage ,  th e re  i s  l i t t l e  
occurrence  of  t r an s p o r te d  m a te r i a l  and the  so i l  overburden i s  predominantly 
r e s i d u a l .  P lan t  communit ies,  composed of  ind iv idual  spec ie s  or  assemblages 
of  s p e c i e s ,  form smal ler  vege ta t ion  u n i t s  whose d i s t r i b u t i o n  i s  governed by 
extremes of  r e l i e f ,  drainage and s o i l s  or  by extreme cond i t ions  in the  
mineral  s t a t u s  of  s o i l s ,  as f o r  example, d e f i c i e n c i e s  which may be due to 
a v a r i e t y  of  causes or anomalous conce n t ra t ions  of  metal o r i g i n a t i n g  from 
bedrock m in e ra l i z a t i o n .
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PLATE 9. A stvebla  squavvosa dominated grass land  a s s o c i a t io n  on the  
grey s o i l s  o f  heavy t e x tu r e  of  the L i t t l e  Eva P la in lan d s .
PLATE 10. Tree g a l l e r i e s  dominated by Eucalyptus cami-.ldulensis and 
Melaleuca leucadendvon l i n in g  the bed o f  the Dugald River 
north  o f  Roseby Homestead.
3 8
Within the survey areas  the vege ta t ion  a s s o c ia t io n s  are  rep laced  by
a t r e e l e s s  p la n t  assemblage comprised of  Polyccœpaea glabra, Eviachne 
noicvonata, F im hvistylis sp. aff .  F. dichotoma and Tephvosia puvpuvea vav.
a x i l la r is  ( p l a t e s  11 - 14) over areas  o f  m i n e ra l i z a t io n .  Above average 
concen t ra t ions  of  calcium in s o i l s  developed over c a l c r e t e  d ep o s i t s  
s i m i l a r l y  appear to  suppor t  a c h a r a c t e r i s t i c  p la n t  community dominated by 
P tilo tu s  clem entii which only achieves prominence well in to  the  dry
season when most su r face  so i l  moisture has dr ied  ou t .
Although dominant vege ta t ion  a s s o c ia t io n s  and p l a n t  communities can 
be recognised  with in  the survey a r e a s ,  f r equen t ly  no d i s t i n c t  boundaries 
occur between vege ta t ion  u n i t s  and only g radat ional  zones d i s t i n g u i s h  the 
in te rm ed ia te  areas  between two r e a d i ly  i d e n t i f i a b l e  p l a n t  communities. 
Individual  spec ies  or combinations o f  two or  more spec ie s  may ca r ry -o v e r  
from one vege ta t ion  u n i t  to  the  next  and a d d i t i o n a l l y  one or  more spec ie s  
sometimes occur as dominants in two or  th ree  a s s o c i a t i o n s ,  al though the  
o the r  dominants may vary.  In t h i s  r e s p e c t  the low t r e e  and shrub savanna
may be considered as a continuum, a l t e r i n g  by s tages  in i t s  s p e c i f i c  make-up
w h i l s t  r e t a in in g  e s s e n t i a l l y  the  same s t r u c t u r a l  form.
The range of  vege ta t ion  a s s o c i a t i o n s  and p la n t  communities p re s en t  in 
the  Dugald River and Mary Kathleen - Cloncurry areas  r e f l e c t s  the d i v e r s i t y  
of h a b i t a t  produced by the  i n t e r p l a y  of  many i n t e r r e l a t e d  parameters  
opera t ing  wi th in  the physical  environment of  t h i s  reg ion .  Any technique 
which a s s i s t s  in the i d e n t i f i c a t i o n  of  vege ta t ion  u n i t s  and the  r e l e v a n t  
environmental  f a c t o r s  in f luenc ing  t h e i r  d i s t r i b u t i o n  on the ground wi l l  
consequent ly be of  use f o r  providing information r e l e v a n t  to  i n v e s t i g a t io n s  
of  na tu ra l  r e sources .  I t  was fo r  t h i s  reason t h a t  mult i sp e c t r a l  photography 
in conjunct ion  with ground surveys was i n v e s t ig a t e d  as a means of 
i d e n t i f y i n g  vege ta t ion  u n i t s  and studying t h e i r  d i s t r i b u t i o n  in r e l a t i o n  
to bedrock m in e ra l i z a t i o n  and o the r  environmental  parameters  w ith in  
t h i s  region of  nor th  west Queensland.
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CHAPTER 2
The mult i s pec t ra l  photographic survey,  f i e l d  programme and I n t e r p r e t a t i o n  
procedure
I n t e r p r e t a t i o n  of  s pec t ra l  s igna tu res  recorded on m u l t i s p e c t r a l  
photography provides a useful  means o f  examining the s p a t i a l  r e l a t i o n ­
sh ips  e x i s t i n g  with in  the phys ica l  environment by a synoptic  view of  the 
i n t e r a c t i o n  of  such v a r i a b le s  as the underly ing  geology, geomorphology, 
so i l  types and so i l  moisture  condi t ions  with the  geographical  d i s t r i b u t i o n  
of  p l a n t  spec ie s .  A m u l t i s p e c t r a l  survey was undertaken a t  s ca le s  of 
1:15,000 and 1:5,000 in the Dugald River ( f l i g h t  block A, 40 x 16 Km) and 
Mary Kathleen - Cloncurry ( f l i g h t  block C, 64 x 48 Km) areas  o f  North 
West Queensland (Fig 1) in o rder  to eva lua te  t h i s  type of  photography as 
a means o f  s tudying the r e l a t i o n s h i p s  poss ib ly  e x i s t i n g  between the  
geographical  d i s t r i b u t i o n  of  p l a n t  spec ie s  and s p e c i f i c  environmental  
parameters  such as so i l  t o x i c i t y  r e l a t e d  to  bedrock m i n e ra l i z a t io n  and 
v a r i a t i o n s  in so i l  moisture con ten t .
2.1 M ul t i spec t ra l  photography
M u l t i spec t ra l  photography involves the  simultaneous a c q u i s i t i o n  of  a 
record of  the ground sur face  on more than one type o f  photographic emulsion 
or  on the same emulsion but  with d i f f e r e n t  f i l t e r  combinations record ing 
energy r e f l e c t e d  with in  d i f f e r e n t  po r t ions  of  the e lec t rom agne t ic  spectrum. 
A mult icamera system inco rpo ra t ing  four bore s i t e d  Vinten cameras 
(4" focal  leng th)  enabled two colour  f i lms  and a black-and-whi te  f i lm  
with two f i l t e r  combinations to be exposed over the  survey a rea s .  This 
f a c i l i t y  has s i g n i f i c a n t  p o t e n t i a l  f o r  providing the i n t e r p r e t e r  with 
more information on na tu ra l  resources  as the p o s s i b i l i t y  of  d i s t i n g u i s h in g
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s u b t l e  d i f f e r e n c e s  o f  tone between su r face  f e a tu r e s  i s  inc reased  by 
record ing  a ground area on f i lm s  o f  d i f f e r e n t  spec t ra l  s e n s i t i v i t y  
(Molineux 1955, Orr 1968, Wenderoth and Yost 1974, Colwell 1966).
The r e f l e c t i o n ,  ab s c ip t io n  and emission of  e lec t rom agne t ic  energy 
v a r i e s  with wavelength f o r  d i f f e r e n t  o b je c t s  depending l a r g e l y  on t h e i r  
atomic and molecular  composit ion.  In the v i s i b l e  and near i n f r a - r e d  p a r t  
of  the spectrum ( .38 - 1.0 ym), d i f f e r e n c e s  in q u a l i t y  and q u a n t i t y  of  
l i g h t  r e f l e c t e d  by o b je c t s  may be recorded pho tograph ica l ly  as v a r i a t i o n s  
in tone .  Although la rg e  v a r i a t i o n s  in tone are common on a e r i a l  
photographs,  f r e q u e n t ly  d i f f e r e n c e s  may be i n s u f f i c i e n t l y  l a rg e  fo r  many 
fe a t u r e s  to  be d i f f e r e n t i a t e d .  This problem can be overcome by the use 
of  m u l t i s p e c t r a l  photography where photographs are taken s im ul taneously  
in d i f f e r e n t  po r t ions  of  the  e lec t rom agne t ic  spectrum and a t o t a l  tona l  
p a t t e r n  i s  e s t a b l i s h e d  f o r  a p a r t i c u l a r  o b je c t  or  t a r g e t  a rea  from the  
photographs covering s p e c i f i c  wavelength bands a t  a given time or  e n v i r ­
onmental cond i t ion .  Once a c h a r a c t e r i s t i c  tonal  p a t t e r n  i s  e s t a b l i s h e d  
which can be q u a n t i t a t i v e l y  expressed and has s t a t i s t i c a l  r e l i a b i l i t y  i t  
i s  c a l l e d  a ' s i g n a t u r e '  (Hoffer  1967, LARS 1968, Morain 1974).
M ul t i spec t ra l  photography d i f f e r s  from e l e c t r o - o p t i c a l  scanning in 
i t s  use of  f i lm  - f i l t e r  combinations in s tead  of  d e t e c to r s  f o r  sp ec t r a l  
p a r t i t i o n i n g .  Since the  medium is  f i lm  r a t h e r  than magnetic t a p e ,  the  
range of  s e n s i t i v i t y  i s  confined by f i lm-emulsion technology to  the 
v i s i b l e  and near i n f r a - r e d  r eg ions .  However, the  number of f i lm  types 
and f i l t e r s  i s  co n s tan t ly  i n c re a s in g ;  and, s ince  each gives a somewhat 
d i f f e r e n t  range of  sp e c t r a l  s ig n a tu r e s  under d i f f e r e n t  exposure and 
development s i t u a t i o n s ,  i t  i s  c l e a r  t h a t  t h i s  approach to  s tu d ie s  o f  na tu ra l  
vege ta t ion  has cons ide rab le  v e r s a t i l i t y .
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2.2 Choice o f  f i lm  emul s io n s
There are  very many f a c t o r s  which a f f e c t  the  q u a l i t y  o f  m u l t i s p e c t r a l  
photography and the v a r i a t i o n s  in response which produce the image tones 
(Wenderoth and Yost 1974, Estes 1974). A summary i s  given in Table 3 
of  the various f a c t o r s  l i k e l y  to  a f f e c t  the  m u l t i s p ec t r a l  s ig n a tu r e s  
produced by vege ta t ion .  The b e s t  combination of  these f a c t o r s  w il l  produce 
photographs where the f i n e s t  d e t a i l  can be resolved with maximum tone 
d i f f e r e n t i a t i o n .  In good f l y i n g  c o n d i t io n s ,  the  q u a l i t y  o f  the  sp ec t r a l  
s ig n a tu r e s  recorded by a m u l t i s p e c t r a l  system with cameras of  high o p t i c a l  
s tandard  i s  mainly r e l a t e d  to the  p ro p e r t i e s  o f  the f i lm  emulsions used,  
which to g e th e r  with the  f i l t e r  combinations,  requ ire  ca re fu l  s e l e c t i o n .
Black-and-white I l f o r d  FP 3 panchromatic ae r i a l  f i lm  was used in two 
cameras with green and yel low f i l t e r s  r e s p e c t iv e ly .  This high c o n t r a s t ,  
f in e  gra ined f i lm  with e x c e p t io n a l ly  good r e s o lu t io n  has been c o n s i s t e n t l y  
used in conventional  a e r i a l  photographic surveys and provided a useful 
re fe rence  base fo r  i n t e r p r e t a t i o n .  High r e s o l u t i o n ,  f in e -g ra in e d  f i lm  i s  
more s e n s i t i v e  to the red end o f  the  spectrum and l e s s  to the  blue than 
are the c o a r s e r ,  lower r e s o lu t io n  f i lms (H e l le r  1970). Kodak Ektachrome 
MS Aerographic f i lm type 2448 provided co lour  photography which is  
e s p e c i a l l y  useful in vege ta t ion  s tu d ie s  where colour i s  j u s t  as important  
as morphology in p la n t  i d e n t i f i c a t i o n .  Previous s tu d ie s  have shown t h a t  
i d e n t i f i c a t i o n  of  p la n t  spec ies  can be up to 17% more accu ra te  using 
co lour  t r a n s p a re n c ie s  r a t h e r  than panchromatic p r in t s  a t  the  same sca le  
(H e l le r  e t  al 1964). Colour f i lm  is  s uper io r  to black-and-whi te  as the 
eye i s  capable of  s epa ra t ing  100 t imes more colour combinations (hues,  
values and chromas) than g rey - s ca le  va lues ,  a r a t i o  of  something l i k e  
20,000 to  200 (Evans '948).
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Most a t t e n t i o n  was concerned with the use o f  f a l s e  c o lou r  i n f r a - r e d  
a e ro f i lm  (Kodak 2443) which covers  the  v i s i b l e  and near  i n f r a - r e d  p a r t  o f  
the  spectrum in which p l a n t  r e f l e c t i v i t y  i s  most s e n s i t i v e .  This f i lm  
u t i l i s e s  a combination o f  s e n s i t i z a t i o n s  and dyes ,  shown in Fig 5, to 
produce co lour  photographs in which the  co lours  are f a l s e  f o r  most 
n a tu ra l  o b j e c t s  and h e a l th y  v e g e t a t i o n ,  which i s  h ighly  i n f r a - r e d  
r e f l e c t i v e  appear in tones  o f  r e d .  Fa lse  co lour  i n f r a - r e d  f i lm  i s  capable 
of  r eco rd in g  a much g r e a t e r  range of  ve g e ta t io n  tones as d i f f e r e n c e s  in 
r e f l e c t i v i t y  between in d iv id u a l  p l a n t  spec ie s  a re  most marked in the 
near  i n f r a - r e d  po r t ion  o f  th e  spectrum where the  p o s s i b i l i t y  a l s o  e x i s t s  
to  d i s c r i m in a t e  between h e a l th y  p l a n t  s pec ie s  and those s u f f e r i n g  from 
the e f f e c t s  of  d rought ,  d i s e a s e  o r  abnormal uptake o f  mineral  n u t r i e n t  or  
t o x i c  elements (Rohde 1971, Rohde and Olson 1971, Press  1972, 1974, Press 
and Norman 1972). As t h i s  f i l m  emulsion reco rds  the longer  wavelengths 
of  l i g h t  w i th in  the  pho tograph ic  spect rum, i t  has a g r e a t e r  c a p a c i t y  to 
p e n e t r a t e  haze which i s  a g r e a t  advantage f o r  surveys in s em i -a r id  
envi ronments.
2 .3  Fa lse  co lou r  i n f r a - r e d  f i lm  in the  s tudy o f  v e g e t a t i o n ,  s o i l s  and rocks
The s p e c t r a l  na tu re  o f  p l a n t  r e f l e c t a n c e ,  which de te rmines the s ig n a t u r e s  
recorded on f a l s e  co lour  i n f r a - r e d  f i lm  depends on l e a f  geometry,  morphology, 
phys io logy ,  chem is t ry ,  s o i l  s i t e  and c l im a t e ,  f o r  v e g e ta t io n  r e f l e c t s  and 
t r a n s m i t s  l i g h t  in a manner t h a t  i s  un iquely  c h a r a c t e r i s t i c  o f  pigmented 
c e l l s  co n ta in in g  water  s o l u t i o n s .  Figs 6 and 7 reveal  the  response o f  a 
l e a f  to  i n c i d e n t  energy.  In the  v i s i b l e  spectrum, r e f l e c t e d  l e a f  energy 
i s  r e l a t e d  to  ch lorophyl l  c o n te n t  and hence photochemical r e l a t i o n s h i p s  
are dominant w h i l s t  in the nea r  i n f r a - r e d ,  r e f l e c t e d  energy i s  governed 
p r im a r i l y  by s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  the mesophyll (Gates 1970).






















r e l a t i o n  to the  development of  a g r e a t e r  number o f  i n t e r c e l l u l a r  a i r  
spaces and consequent  r e f l e c t i n g  s u r faces  with abrupt  changes in index 
of  r e f r a c t i o n .  However, once f u l l y  grown, s p ec t r a l  r e f l e c t a n c e  
c h a r a c t e r i s t i c s  remain i n v a r i a b l e  u n t i l  some l a rg e  e x t e rn a l  f a c t o r  such 
as a change in s o i l  chemis try  o r  wate r  a v a i l a b i l i t y  a f f e c t s  the  i n t e r n a l  
chemis try  o f  the  v e g e t a t i o n .
The chemical s t a t u s  o f  a p l a n t  w i l l  show up in many forms in i t s  
p igm enta t ion ,  c e l l  s t r u c t u r e  o r  t u r g i d i t y ,  t r a n s p i r a t i o n  r a t e ,  l e a f  
tempera tu re  e t c  a l l  o f  which a f f e c t  p l a n t  r e f l e c t a n c e  and hence i t s  
s ig n a t u r e  when recorded  on f a l s e  co lour  i n f r a - r e d  f iIm .  Consequently t h i s  
f i lm  has been used and become well known f o r  i t s  a b i l i t y  to  d e t e c t  
d i seased  and s t r e s s e d  v e g e ta t i o n  (Colwell 1967) and the p o t e n t i a l  to  
i d e n t i f y  c h l o r o s i s  i n d i c a t i v e  o f  metal r i c h  s o i l s  or  rocks (Canney 1970). 
Although the  leve l  of  i n f r a - r e d  r e f l e c t a n c e  recorded on f a l s e  co lou r  
i n f r a - r e d  imagery has been thought to  be a s e n s i t i v e  i n d i c a t o r  o f  the  
h e a l t h i n e s s  and p h y s io lo g ica l  s t a t e  o f  p l a n t s ,  r e c e n t  work (Benson and 
Sims 1967, H e l l e r  1968, Knipling 1967, 1969) sugges ts  t h a t  changes o r  
d i f f e r e n c e s  in v i s i b l e  r e f l e c t a n c e  o f  leaves  are  perhaps j u s t  as s e n s i t i v e  
and in a d d i t io n  c o n t r i b u te  s i g n i f i c a n t l y  to  the  co lour  d i f f e r e n c e s  on the  
photographs and d e v i a t i o n s  from the  red s ig n a t u r e s  o f  v e g e t a t i o n  f o l i a g e  
may commonly be caused by an in c re a s e  in v i s i b l e  r a t h e r  than a d e c l in e  in 
i n f r a - r e d  r e f l e c t a n c e .
Fa lse  co lour  i n f r a - r e d  f iIm i n t e g r a t e s  and records  r e f l e c t a n c e  
d i f f e r e n c e s  in both reg ions  o f  the spectrum and i s  thus  probably  a b e t t e r  
s t r e s s  i n d i c a t o r  than the use o f  r e f l e c t a n c e  c h a r a c t e r i s t i c s  in e i t h e r  
reg ion  a lone .  However, most v e g e t a t i o n  co lou r  d i f f e r e n c e s  on t h i s  f i l m ,  
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f o l i a g e  a r e a ,  d e n s i t y  and o r i e n t a t i o n  r a t h e r  than to d i f f e r e n c e s  or  
changes in the  r e f l e c t a n c e  p r o p e r t i e s  of  ind iv idua l  l e a v e s .
• The r e f l e c t a n c e  o f  a rock o r  s o i l  su r face  depends upon i t s  c o l o u r a t i o n ,  
t e x t u r e ,  roughness ,  moisture  c o n t e n t ,  mineral  and chemical composi t ion ,  
angle o f  i l l u m i n a t i o n  and degree o f  shadowing by p l a n t s .  S o i l s  u s u a l ly  
have a h ighe r  r e f l e c t a n c e  than p l a n t s  in the  v i s i b l e  spectrum,  and a sur face  
o f  mixed bare s o i l  and ve g e ta t io n  w i l l  r e f l e c t  l e s s  than the  bare s o i l ,  
a l though p l a n t s  r e f l e c t  b e t t e r  than s o i l s  in the near  i n f r a - r e d .  D iscr im ina­
t i o n  o f  d i f f e r e n t  rock and s o i l  types  i s  p r im a r i l y  based on the  co lou r  and 
c h a r a c t e r i s t i c  m a te r ia l  p r o p e r t i e s  a f f e c t i n g  i t  when photography i s  c a r r i e d  
ou t  us ing Ektachrome and i n f r a - r e d  f a l s e  co lour  f i lms (Ray and F ische r  1960, 
F i sche r  1962).  I t  i s  g e n e r a l l y  agreed t h a t  co lou r  f i lms  a re  advantageous 
f o r  geo log ica l  purposes but  op in ions  vary as to the s u p e r i o r i t y  of  e i t h e r  
t r u e  co lou r  or  f a l s e  co lour  i n f r a - r e d  f i lms (Paarma e t  al 1968, Allum 1970).
The t r u e  co lour  photography ob ta ined  on the  su rvey ,  a l though  no t  
e x a c t l y  reproducing  the  n a t u r a l  range of  co lours  p re s e n t  on the  ground,  was 
very e f f e c t i v e  f o r  the  i d e n t i f i c a t i o n  of  s o i l  and rock types  due to  the 
g r e a t e r  range of  brown, r ed ,  grey  and white tonal  c o n t r a s t s  recorded  f o r  
the se  f e a t u r e s .  In c o n t r a s t ,  the  poor i n f r a - r e d  r e f l e c t a n c e  from exposed 
rock and so i l  su r f a c e s  produced a l im i t e d  range of  blue green s ig n a t u r e s  
on the  f a l se co lour  i n f r a - r e d  photography.  However, in comparison with the  
i n f r a - r e d  s i g n a t u r e s , the range o f  green tonal  c o n t r a s t s  in the  s p e c t r a l  
s i g n a t u r e s  of  veg e ta t io n  recorded on the t r u e  co lour  photography was 
smal l .  As the m u l t i s p e c t r a l  photography was undertaken in the  survey areas  
a t  the  time when most dominant p l a n t  spec ies  were approaching near 
maximum f o l i a g e  development (March - May per iod  immediately a f t e r  the  wet 
season) the  s u p e r i o r i t y  of  f a l s e  co lour  i n f r a - r e d  f i lm  f o r  s tudying  
ve g e t a t i o n  r e s u l t e d  in i t s  c o n s i s t e n t  use in the  r e c o g n i t io n  and i n t e r p r e ­
t a t i o n  of  s p e c t r a l  s i g n a t u r e s .
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2.4  The f i e l d  programme
In o rde r  to  ev a lu a te  the  s p e c t r a l  s ig n a t u r e s  of  v e g e t a t i o n  u n i t s  
recognised  on the  m u l t i s p e c t r a l  photography o f  the  survey a re a s  with 
r e f e r e n c e  to s p e c i f i c  environmental  pa ram ete rs ,  d e t a i l e d  ground in formation  
was ob ta ined  dur ing  and subsequent  to the  f l y i n g  programme in 1971 and 
dur ing  the  March - September per iod  of  1972. The f i e l d  programme 
in vo lved ,  with the  c o l l a b o r a t i o n  o f  the  A u s t r a l i a n  Bureau o f  Mineral 
Resources ,  the c o l l e c t i o n  of  in formation  along a s e r i e s  o f  t r a n s e c t s  ac ross  
known m in e ra l i zed  zones and anomalous s p e c t r a l  s ig n a t u r e s  d e t e c te d  on 
s e l e c t e d  f i lm  t r a n s p a r e n c i e s  f o r  which over lays  of  the  s p e c t r a l  s i g n a t u r e  
u n i t s ,  inc lud ing  those su b jec ted  to  enhancement t e c h n iq u e s ,  were prepared .
C a l i b r a t i o n  marker boards were p laced in p o s i t i o n  on each f l i g h t  l i n e  
during  the  f l y i n g  programme when t ru e  co lour  and i n f r a - r e d  ground photography 
was a l s o  undertaken of  v e g e t a t i o n ,  s o i l s  and outc ropping  bedrock.  In 
a d d i t i o n  to  i n v e s t i  c a t io n s  o f  the d i s t r i b u t i o n  of  veg e ta t io n  and s o i l  
u n i t s  r e l a t i v e  to  environmental  parameters  such as geomorphology and 
geology,  and ground checking of  the  photography when i t  became a v a i l a b l e ,  
the f i e l d  programme in 1971 and 1972 inc luded p l a n t  sp ec ie s  reco rd ing  and 
the c o l l e c t i o n  o f  p l a n t  and so i l  samples f o r  t r a c e  element a n a l y s i s  along 
a number of  t r a n s e c t  l i n e s  lo c a ted  ac ross  known m inera l i zed  t e r r a i n  and 
ac ros s  anomalous s p e c t r a l  s ig n a t u r e  u n i t s  i d e n t i f i e d  and i n t e r p r e t e d  on 
the m u l t i s p e c t r a l  photography.
2 .4 .1  Ground c a l i b r a t i o n
In o rde r  to e s t a b l i s h  con t ro l  and r e f e r e n c e  p o in t s  with  rega rds  to 
tone and emulsion d e n s i t y  of  ind iv idua l  f i lm  l a y e r s  on the m u l t i s p e c t r a l  
imagery,  a s e r i e s  of  c a l i b r a t i o n  marker boards were placed in prominent .
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c l e a r l y  v i s i b l e  p o s i t i o n s  f o r  each f l i g h t  block.  These permanent ni'arker 
board s i t e s ,  recorded a t  the  commencement of  each f l y i n g  day,  c o n s i s t e d  
of  s i x  p ieces  of  hardboard ,  10 mm t h i c k ,  measuring 12' x 12' (3.66  m x 
3.66 rn) pa in ted  red (Fanfare  r e d ) ,  green (Pa rad ise  g r e e n ) ,  b lue (Lobel ia  
b l u e ) ,  whi te  ( B r i l l i a n t  w h i t e ) ,  o f f -w h i t e  (Morning grey) and charcoal  
( B r i t i s h  P a in t s  L td) .  The red p a i n t  i s  s u s c e p t ib le  to  fad ing  in outdoor  
c o n d i t io n s  but  t h i s  was n e g l i g i b l e  dur ing the  s h o r t  pe r iod  o f  the f l y i n g  
programme.
>
In a d d i t i o n ,  a moveable s e t  of  c a l i b r a t i o n  markers were p laced in 
p o s i t i o n  on every a l t e r n a t e  f l i g h t  l i n e .  For ease o f  t r a n s p o r t ,  only 
two hardboard  s h e e t s ,  measuring 6 ' x 4'  (1.83 m x 1.22 m) and 12' x 8 '
(3.66 m X 2.44 m) were used,  one pa in ted  blue (Nu p l a s t i c  v e l v e t  f l a t ,  
B r i t i s h  P a in t s  Ltd) and the  o th e r  red (Glowmaster f l u o r e s c e n t ) .  L ight  
w ea the rproof  p l a s t i c  s h ee t s  (Mylex Corpora t ion  Pty.  p l a s t i c  s h e e t i n g ) ,  
co loured  l i g h t  grey (GY 0283 50 /2 /26)  and dark grey (GY 0314 5 0 /2 /2 6 ) ,  
cu t  to  a s i m i l a r  s ize  (3 l o t s  o f  12' x 4'  (3.66 m x 1.22 m)) and a 
Dayglow Orange shee t  provided the  a d d i t io n a l  markers.
In o rde r  to i d e n t i f y  s p e c i f i c  ground f e a t u r e s  and to  f a c i l i t a t e  
subsequen t  microdens i tomete r  scanning along t r a n s e c t  l i n e s ,  s p e c i f i c  
t a r g e t s  in the  f i e l d  were a l s o  pa in ted  w hi te .  The reco rd ing  o f  t a r g e t s  
o f  known co lour and dimensions proved usefu l  f o r  t e s t i n g  emulsion 
d e n s i t y  v a r i a t i o n s  between ind iv idua l  frames and f i l m s ;  a s s e s s i n g  tone 
c o n s i s te n cy  in r e l a t i o n  to  development p ro ces s e s ;  checking on ground 
r e s o l u t i o n  and s t e r e o s c o p ic  p a r a l l a x .  Microdensi tometer  scans made 
across  t e s t  d e n s i t y  wedges p r e s e n t  a t  the beginning of  each f i lm  were 
used to  t e s t  the  constancy and v a r i a t i o n  in c o n t r a s t s  due to  the  f i lm  p rope r ­
t i e s  and developing p rocess .  S t a t i s t i c a l  r e s u l t s  from the se  t e s t s  showed
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t h a t  v a r i a t i o n  between f i lm s  was so low i t  could be d iscoun ted  and hence 
tona l  c o n t r a s t s  could be regarded  as r e l a t i v e l y  c o n s ta n t  and d i r e c t l y  
r e l a t e d  to ground responses .
2 .4 .2  Ground t r u t h  i n v e s t i g a t i o n s
The r e l a t i o n s h i p s  p o s s ib ly  e x i s t i n g  between the  d i s t r i b u t i o n  o f  
veg e t a t i o n  u n i t s  and the c o n t r o l l i n g  in f luence  o f  s p e c i f i c  param eters  and 
no tab ly  bedrock m i n e r a l i z a t i o n  w i th in  the phys ical  environment o f  the  survey 
a rea s  were i n v e s t i g a t e d  by p l a n t  spec ie s  frequency reco rd ing  and the  
c o l l e c t i o n  of  p l a n t  and s o i l  samples fo r  the  a n a l y s i s  o f  major and t r a c e  
elements along s e l e c t e d  t r a n s e c t  l i n e s .  Targe t  a rea s  f o r  the  l o c a t io n  
o f  t r a n s e c t  l i n e s  and d e t a i l e d  g e o b o ta n ic a l ,  geochemical and biogeochemical  
i n v e s t i g a t i o n s  were chosen a f t e r  c a re fu l  s t u d i e s  had been made on e a r l i e r  
b lack -and-w hi te  a i rp h o to s  o f  the  survey a r e a s ,  r econna issance  imagery,  e a r l y  
ground reconna issance  and l a t e r ,  when i t  became a v a i l a b l e ,  the  m u l t i s p e c t r a l  
photography (Figs 8 and 9) .
The p l a n t  spec ie s  frequency  re c o rd in g ,  undertaken along b e l t  t r a n s e c t s  
o r i e n t a t e d  a t  r i g h t  angles  to  the  known or  i n f e r r e d  geo log ica l  s t r i k e  
provided a q u a n t i t a t i v e  e s t im a t io n  o f  the ground cover and v a r i a t i o n s  of  
in d iv id u a l  spec ie s  w ith in  the  herbaceous,  shrub and t r e e  s t r a t a .  The 
percen tage  cover o f  ground l a y e r  s pec ie s  was recorded using a 1 m square 
q u a d ra t ,  w h i l s t  i n d i v id u a l s  o f  each t r e e  and shrub spec ie s  were counted 
w i th in  a 10 m square quadra t .  In severa l  a r e a s ,  a e r i a l  photograph e n l a r g e ­
ments and a rough g r id  marked ou t  in the  f i e l d  were used to  map the 
d i s t r i b u t i o n  of  in d iv idua l  i n d i c a t o r  p l a n t  and t r e e  and shrub s p e c i e s .
P l a n t  and s o i l  samples were c o l l e c t e d  f o r  a n a l y s i s  along the  t r a n s e c t s  
a t  an i n t e r v a l  o f  10 m which in a rea s  of  p a r t i c u l a r  i n t e r e s t  was shor tened
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to 5 m and in uniform a rea s  extended to  20 m o r  more. P la n t  m a t e r i a l ,  
where p o s s i b l e ,  was sep a ra ted  in t o  stem, l e a f ,  f r u i t  and f lower  
c a t e g o r i e s  and placed in to  s p ec ia l  Kra f t  paper sample bags with  ca re  
being taken to  p reven t  so i l  and o th e r  sources  o f  con tamina tion .  Species 
occu r r in g  th roughout  the  t r a n s e c t  le ng th  were chosen f o r  sampling 
wherever p o s s i b l e .  R ep re s en ta t iv e  samples o f  t r e e  and shrub s p ec ie s  were 
taken in a b e l t  up to 60 m wide,  w h i l s t  samples o f  ground v e g e t a t i o n  were 
as c l o s e  as p o s s i b l e  to  the  ac tua l  t r a n s e c t  l i n e .  Soil samples were 
c o l l e c t e d  from a depth of  4 - 10 cm a t  the same s i t e s  as those  o f  p l a n t  
samples excep t  where a d d i t i o n a l  samples were undertaken to  provide g r e a t e r  
d e t a i l  o f  v a r i a t i o n s  in su r f a c e  s o i l  geochemist ry.  As with previous  
surveys in the  a rea  (Provan 1965, N ico l l s  1965),  the s t a n d a rd i s e d  minus 
80 f r a c t i o n  was used f o r  r o u t i n e  sampling with s u f f i c i e n t  m a te r i a l  being 
c o l l e c t e d  f o r  f u r t h e r  l a b o ra to r y  a n a l y s i s  on minus 270 f r a c t i o n  m a t e r i a l .  
Deeper samples were ob ta ined  by auger ing .
A d d i t i o n a l l y ,  r e g u la r  p l a n t  sampling was carri t^d ou t  a t  a number of  
t e s t  s i t e s ,  samples o f  t r e e  spec ie s  were taken to  e a s t  and west  o f  the  
Dugald River  lode in S i l vermine and Acacia Creeks and background samples 
of  Eucalyptus and Acacia cainhagei t r e e s  were taken from a rea s  o f  d i f f e r e n t  
so i l  and bedrock geology,  (Figs  8 and 9 ) .  Several d i s ea sed  and d i s e a s e  
f r e e  f r u i t  t r e e s  were a l s o  sampled in the  Mary Kathleen Orchard (Fig 9 ) .  
The p l a n t  samples were analysed using dry ashing techniques  ( a t  420°C), 
d i g e s t i o n  in n i t r i c  ac id  a t  100°C fol lowed by de te rm ina t ion  by atomic 
a bso rp t ion  spec trophotomet ry ,  ( f o r  d i s c u s s io n  o f  a n a l y t i c a l  techn iques  
see Provan 1965, Boshoff 1974). Soil samples were s i m i l a r l y  analysed  by 
d ig e s t i o n  in n i t r i c  ac id  fol lowed by atomic abso rp t ion  spec trophotometry  
(Southern A na ly t ica l  A 3000). The a n a l y t i c a l  da ta  was fed in to  a GDC 6600 
computer to  produce automat ic  p r i n t - o u t  o f  info rm at ion  in h is togram form, 
( a n a l y s i s  and computing by C F Page 1972-1974 in the Department o f ;  
Geography, Bedford Col lege) .
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I n v e s t i g a t i o n  and mapping o f  the d i s t r i b u t i o n  of  v e g e ta t io n  and so i l  
u n i t s  r e l a t i v e  to  environmental  pa ram ete rs ,  no tab ly  geomorphology and 
geology and ground checking o f  s p e c t r a l  s i g n a t u r e s  when the  mult i  s p e c t r a l  
photography became a v a i l a b l e ,  were undertaken us ing the  1:15,000 s c a le  
i n f r a - r e d  f a l s e  co lour  p r i n t s  in a s s o c i a t i o n  with  b la ck -and-w hi te  9" x 9" 
(229 X 229 mm) a i rp h o to s .  The l a r g e r  1 :5 ,000 s c a l e  imagery was used f o r  
very d e t a i l e d  s tu d i e s  o f  a rea s  more c o nven ien t ly  s i t e d  in r e l a t i o n  to  
f l i g h t  l i n e s ,  as the  imagery was flown with no s i d e - l a p .
True co lour  and f a l s e  co lou r  i n f r a - r e d  ground photographs o f  v e g e t a t i o n ,  
s o i l s  and bedrock were used to  a s s i s t  in the  checking and i n t e r p r e t a t i o n  
of  s p e c t r a l  s i g n a t u r e s  when the  mult i  s p e c t r a l  photography was i n i t i a l l y  
s tu d ie d  a f t e r  the  1971 f i e l d  season.  The s i g n a t u r e s  e s t a b l i s h e d  f o r  the  
a rea s  where ground i n v e s t i g a t i o n s  had been undertaken in 1971 were i n t e r ­
p re te d  by e x t r a p o l a t i o n  f o r  new a r e a s ,  e s p e c i a l l y  where anomalous and 
d i f f e r e n t  ranges o f  s p e c t r a l  s i g n a t u r e  u n i t s  were d e t e c te d  on the  survey 
photography.  During the  March - September per iod  o f  1972 a r e p r e s e n t a t i v e  
s e l e c t i o n  of  i n f r a - r e d  co lour  p r i n t s  were examined w i th in  th e se  new area s  
t o  check and s u b s t a n t i a t e  the e x t r a p o la t e d  i n t e r p r e t a t i o n  o f  s i g n a t u r e  
u n i t s  and e s p e c i a l l y  those des igna ted  as anomalous; to  i d e n t i f y  and 
e s t a b l i s h  the  composit ion o f  new s p e c t r a l  s i g n a t u r e s ;  and to  a s s i s t  
mapping and the  lo c a t io n  of  new t r a n s e c t s  f o r  f u r t h e r  ground i n v e s t i g a t i o n s .
2.5 I n t e r p r e t a t i o n  of  the  mult i  s p e c t r a l  photography
P r i n t  lay-downs were i n i t i a l l y  prepared f o r  each area  a t  a s c a l e  of  
1 :15,000 as only rough f l i g h t  path diagrams were provided with the  
photography.  The new 1:50,000 d e t a i l e d  geo log ica l  map (Bureau of  Mineral 
Resources 1972) provided a base f o r  the  Mary Kathleen - Cloncurry  area
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and the  geology map prepared  by the  Consolida ted  Zinc Corporat ion Pty Ltd 
of  the  Dugald River lode area  (Fig 3) was used as a c e n t r a l  base f o r  the
Dugald River f l i g h t  blocks A and B, the  f l i g h t  l i n e s  being p ro j e c t e d  to
no r th  and south o f  the  map area  with r e fe rence  to  reconna is sance  photography 
and a v a i l a b l e  small s ca le  maps o f  the reg ion .
D e f i n i t i v e  and r e p e t i t i v e  s p e c t r a l  s ig n a tu r e  d e s c r i p t i o n  p resen ted  an
i n i t i a l  problem in the  i n t e r p r e t a t i o n  of  the  mult i  s p e c t r a l  photography 
whose s o lu t i o n  requ i red  the  adopt ion  o f  a s u i t a b l e  co lou r  key. A f te r  the 
i n s p e c t io n  and eva lua t ion  o f  many systems,  t h a t  of  the Royal H o r t i c u l t u r a l  
Soc ie ty  was chosen as provid ing  the  b es t  co lour  range in a form e a s i l y  
handled and a t  low c o s t .  The in d iv idua l  co lours  in t h i s  system were a l s o  
c o r r e l a t e d  in a t a b u l a r  form with BCC, CC and Nick values  where a p p r o p r i a t e ,  
in a d d i t i o n  to  the x, y and Y, CIE coord ina tes  f o r  convers ion  to  the 
Munsell system. The c o s t  o f  p r i n t s  f o r  a l l  the  a rea s  o f  s p e c i f i c  i n t e r e s t  
proved too g r e a t  and consequen t ly  i n t e r p r e t a t i o n  was undertaken on a 
p r o j e c t i o n  system devised to  accommodate the  use o f  o r i g i n a l  r o l l s  o f  f i lm  
and s c a le  range o f  the m icrodens i tom ete r  equipment.
The f i lm s  o f  the m u l t i s p e c t r a l  photography were examined i n d i v i d u a l l y  
and in combination through a p p ro p r i a t e  f i l t e r s  using a d d i t i v e  viewing 
t e ch n iq u es .  Spect ra l  u n i t s  i d e n t i f i e d  and i n t e r p r e t e d  on in d iv id u a l  
frames were checked a g a i n s t  g roun d - t ru th  in form ation  and t h e i r  d i s t r i b u t i o n  
mapped on the  same s ca le  as the ou tpu t  from a Joyce Loebel m icrodens i tom ete r  
(double beam record ing  model MK I I I  C8 ) which,  by means o f  f i l t e r s  and a 
p h o t o e l e c t r i c  c e l l ,  i s  ab le  to  measure emulsion d e n s i ty  or  tone along scan 
l i n e s  f o r  ind iv idua l  l a y e r s  o f  the  co lour  p o s i t i v e  f i lm s  and th e  b lack-  
and-white imagery. The maps r ev e a l in g  the d i s t r i b u t i o n  p a t t e r n s  o f  
i n t e r p r e t e d  s p e c t r a l  s i g n a t u r e s  were a l so  compared with  the  d e t a i l e d
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in form at ion  from t r a n s e c t  l i n e s ,  along which the  frequency d i s t r i b u t i o n  
of  p l a n t  sp ec ie s  had been recorded  and p l a n t  and so i l  samples analysed  
f o r  major and t r a c e  e lements .
I n i t i a l  s t u d i e s  o f  the  t r u e  co lour  and f a l s e  co lou r  i n f r a - r e d  f i l m s ,  
flown a t  the  1:15,000 s c a l e ,  i n d i c a t e d  t h a t  i t  was p o s s ib le  to  r ecogn ise  
i n d iv id u a l  s p ec ie s  and combinations o f  spec ies  o f  the ground v eg e t a t i o n  
and the  v eg e ta t io n  a s s o c i a t i o n s  in a d d i t io n  to  so i l  and bedrock u n i t s  by 
t h e i r  d i s t i n c t i v e  sp e c t r a l  s i g n a t u r e s .  A f te r  the f i e l d  programme in 1971, 
a p r e l im in a ry  t a b l e  of  f a l s e  co lou r  i n f r a - r e d  s p e c t r a l  s i g n a t u r e s  was 
e s t a b l i s h e d  based on the i n t e r p r e t a t i o n  of  ind iv idua l  frames cover ing  
a rea s  f o r  which ground t r u t h  information  was a v a i l a b l e .  D i f f e r e n t  frames 
cover ing  new a rea s  were then s e l e c t e d  from an examination o f  the  photography 
where by e x t r a p o l a t i o n  i t  was p o s s i b l e  to i n t e r p r e t  p o s s ib le  anomalous'  
s p e c t r a l  u n i t s  which r e q u i re d  f u r t h e r  s tudy in the f i e l d ,  i d e n t i f y  
s i g n a t u r e s  a l r e a d y  e s t a b l i s h e d  and des ig n a te  a reas  c h a r a c t e r i s e d  by unfam­
i l i a r  s i g n a t u r e s  which req u i re d  examination in the for thcoming f i e l d  season.  
In the  1972 f i e l d  programme, the  e x t r a p o la t e d  i n t e r p r e t a t i o n s  o f  s i g n a t u r e  
u n i t s  were checked and e i t h e r  s u b s t a n t i a t e d  or  c o r r e c t e d ;  the u n fa m i l i a r  
s i g n a t u r e s  were examined and added to  the  t a b l e  or  noted as v a r i a t i o n s  to 
p r e v io u s ly  i d e n t i f i e d  s i g n a t u r e s ,  the v a r i a t i o n s  o f ten  being r e l a t e d  to  
p a r t i c u l a r  environmental  c o n d i t i o n s ;  and in a rea s  of  s p e c i f i c  i n t e r e s t ,  
u s u a l ly  where d i s t i n c t  or  anomalous s p e c t r a l  u n i t s  were s u b s t a n t i a t e d  on 
the ground (mostly g e o b o t a n i c a l ) ,  f u r t h e r  ground t r u t h  s tu d i e s  and f i e l d  
t r a n s e c t s  were c a r r i e d  ou t .
/
A number of l i n e s  on the  imagery,  g e n e ra l ly  c o inc id ing  with  the  f i e l d  
t r a n s e c t s ,  were scanned with a microdens i tom ete r  so e x t e n s iv e  and d e t a i l e d  
ground t r u t h  in form at ion was a v a i l a b l e  fo r  subsequent  comparison with  the  
machine a n a l y s i s  and p h o t o i n t e r p r e t a t i o n  of  the  s p e c t r a l  s i g n a t u r e s .  The 
q u a n t i t a t i v e  s p e c t r a l  response measurements,  recorded by the  m i c r o d e n s i t ­
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ometer  along the  scan l i n e s ,  were, sub jec ted  to  a s t a t i s t i c a l  a n a l y s i s  
whereby recognised  i n t e n s i t y  l e v e l s  were grouped,  thus  q u a n t i t a t i v e l y  
i d e n t i f y i n g  s p e c t r a l  s ig n a t u r e  u n i t s .  For any given l i n e ,  a l l  fou r  f i lm s  
were scanned and the  r e s u l t a n t  responses  or  o p t i c a l  d e n s i t i e s  w i th in  the 
e i g h t  s p e c t r a l  bands analysed  by the  adoption of  an unsuperv ised  l e a rn in g  
approach employing a h e i r a r c h i c a l  fus ion  c l u s t e r i n g  a lgo r i thm  (Custance 
1974).
In two a r e a s ,  on in d iv idua l  t r a n s e c t s ,  an a d d i t io n a l  computer 
c o r r e l a t i o n  m a tr ix  was evolved whereby c o e f f i c i e n t s  were ob ta ined  f o r  
c o r r e l a t i o n s  between microdens i tom ete r  da ta  f o r  the  e i g h t  m u l t i s p e c t r a l  
wavebands and geobotanica l  d a t a ,  and biogeochemical/geochemical  a n a l y t i c a l  
d a t a .  Some d i f f i c u l t y  was encountered  a r rang ing  the d i f f e r e n t  types  of  
da ta  i n t o  an ordered  form, as the  c o r r e l a t i o n  was c a r r i e d  out  with  regards  
to  d i s t a n c e  along the t r a n s e c t  l i n e ,  and most o f  the  da ta  was no t  
cont inuous  witli d i s t a n c e ,  but  taken a t  s e l e c t e d  i n t e r v a l s .  However, by 
s e p a r a t i n g  the  p l a n t  f requency  d i s t r i b u t i o n  from the b iogeochemical/  
geochemical a n a l y t i c a l  d a t a ,  a ba s ic  c o r r e l a t i o n  matr ix  programme proved 
workable and thus  formed an a l t e r n a t i v e  q u a n t i t a t i v e  method o f  comparing 
the  m icrodens i tom ete r  in form ation  with t h a t  o f  the  s p e c t r a l  s i g n a t u r e s  
i d e n t i f i e d  by p h o t o i n t e r p r e t a t i o n  and the  c o l l e c t e d  ground t r u t h  d a ta .
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CHAPTER 3
P h o t o i n t e r p r e t a t i o n  key fo r  the  s p e c t r a l  s ig n a tu re s  i d e n t i f i e d  on the  
f a l s e  c o lo u r  i n f r a - r e d  photography of  the Dugald River and Mary Kathleen - 
Cloncurry  survey areas
A p h o t o i n t e r p r e t a t i o n  key may be de f ined  as any r e f e r e n c e  m a te r ia l  
des igned to  f a c i l i t a t e  r ap id  and accu ra te  i d e n t i f i c a t i o n  and the  de te rm in­
a t io n  of  th e  s i g n i f i c a n c e  o f  o b j e c t s  or  cond i t ions  from an a n a l y s i s  of  
t h e i r  photo images (Colwell 1953b).  Vegetat ion  keys a re  e s s e n t i a l l y  
concerned with  a c h a r a c t e r i s t i c  l i s t  o f  d i s c r im in a n t  f e a t u r e s  such as 
tone ,  t e x t u r e  and p a t t e r n  t h a t  w i l l  f a c i l i t a t e  spec ie s  i d e n t i f i c a t i o n  or  
the i d e n t i f i c a t i o n  of  s p e c i f i c  p l a n t  a s s o c i a t io n s  and communit ies u s u a l l y  
r e l a t e d  t o  s p e c i f i c  h a b i t a t  t e r r a i n  c o n d i t io n s .
I f  a v e g e t a t i o n  p h o t o i n t e r p r e t a t i o n  key i s  to  be used s p e c i f i c a l l y  
fo r  t e r r a i n  a n a l y s i s ,  the  range o f  s i g n i f i c a n t  c o n s id e r a t i o n s  becomes 
more r e s t r i c t i v e  as the  i n d i r e c t  s i g n i f i c a n c e  of  some kinds o f  v e g e t a t i o n  
as i n d i c a t o r  spec ie s  of  p a r t i c u l a r  t e r r a i n  types or  co n d i t io n s  must not  be 
over looked.  Vegeta t ion as a t e r r a i n  i n d i c a t o r  becomes usefu l  only a f t e r  
the s a l i e n t  f e a t u r e s  of  the  ve g e ta t io n  p a t t e rn  have been s e t  f o r t h  in a 
s y s t em a t ic  f a s h io n .  Colwell (1953) sugges ts  fo u r  component p a r t s  to  a 
v e g e t a t i o n  key : -  a) v e g e ta t io n  s i t e  f a c t o r s ,  b) s tereograms of  vege ta t ion  
ty p e s ,  c) a dichotomous method o f  cons ide r ing  the i d e n t i f i c a t i o n  o f  v e g e ta t io n  
c h a r a c t e r i s t i c s  ( e g . ,  a s e r i e s  of  b ina ry  d ec i s ions  such as round versus  
square a re  made as the i n t e r p r e t e r  fo l lows the key) and d) the ground 
c o n d i t io n s  l i k e l y  to  be encountered in each v eg e ta t io n  type .
Because of  the v a s t  number o f  p o s s i b i l i t i e s  o f  c o n s t r u c t in g  keys f o r  
each s c a l e ,  f i l m - f i l t e r  combinations e t c ,  the  f a c t o r s  most v a luab le  to
61
an i n t e r p r e t e r  must be weighed and the  key cons t ruc ted  a c c o rd in g ly .  
Consequently a spec ia l  r e fe ren c e  key. Table 4 was c o n s t ru c t e d  f o r  the 
d i s c r i m i n a t i o n  o f  su r face  v eg e ta t io n  types  in the  i n t e r p r e t a t i o n  o f  
s p e c t r a l  s i g n a t u r e s  on f a l s e  co lour  i n f r a - r e d  f i lm  in the  Dugald River 
and Mary Kathleen - Cloncurry a r e a s .
The key was c ons t ruc ted  e s s e n t i a l l y  f o r  the  purposes o f  i d e n t i f y i n g  
s p e c i f i c  i n f r a - r e d  s ig n a tu r e s  produced by p la n t  a s s o c i a t i o n s ,  communities 
and th e  i n d iv id u a l  spec ie s  of  which they were comprised and should be 
used in  con junc t ion  with the s p e c t r a l  s i g n a tu r e  maps, i n t e r p r e t e d  f o r  
s p e c i f i c  a rea s  in the fo l lowing c h a p t e r s .  In a d d i t i o n ,  the  key was only 
des igned f o r  the  i n t e r p r e t a t i o n  o f  t h i s  s p e c i f i c  imagery o f  Queensland,  
a t  t h a t  p a r t i c u l a r  time of  y e a r ,  and a t  the sca le s  o f  1:15,000 and 1 :5 ,000  
I t  i s  h ig h ly  l i k e l y  t h a t  the key could be used fo r  s i m i l a r  environments in 
A u s t r a l i a ,  recorded  on i n f r a - r e d  f i l m ,  but  as no t e s t s  have been made, 
the key must be r e s t r i c t e d  to  the  imagery unique to the p r o j e c t .
The s p e c t r a l  s ig n a tu r e s  d i f f e r e n t i a t e d  in the key a re  p r im a r i ly  based 
on c o lo u r  tones  d i s t i n g u i s h e d  by r e f e r e n c e  to  th e  Royal H o r t i c u l t u r a l  
S oc ie ty  c o lou r  code. A f te r  matching,  the  des ignated  co lour  r e f e r e n c e  code 
can e a s i l y  be converted to  the Munsell or  CIA coo rd ina te  system. Although 
tona l  co lo u r  was the major c r i t e r i a  in the  d i s c r i m in a t io n  of s p e c t r a l  
s i g n a t u r e  u n i t s ,  c o n s id e r a t io n s  o f  t e x t u r e  and photo p a t t e r n s  were a l s o  
taken i n t o  account .  The fo l lowing  terminology  was used f o r  t e x t u r e : -  a) 
coarse  - medium - f i n e ,  b) smooth - medium - rough,  and the d e s c r i p t i v e  
terms m o t t l e d ,  speckled ,  g r a n u l a r ,  l i n e a r .  These a re  a l l  s tandard  terms 
and f o r  i l l u s t r a t i v e  examples re fe re n c e  should be made to  the  Manual of 
Photographic I n t e r p r e t a t i o n .
D es c r ip t io n  of  the  p h o to p a t t e r n s ,  produced by ind iv idua l  s p e c t r a l  
s i g n a t u r e s ,  was based on a s e r i e s  of  terms r e l a t e d  to  the appearance of
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the v eg e ta t io n  sur face  form, where a primary d i s t i n c t i o n  between 
continuous  or  broken p a t t e r n s  was complemented by a d d i t i o n a l  d e s c r i p t i v e  
terms such as clumpy, c i r c u l a r  e t c .  The c a r to g ra p h ic  t i n t  shading 
r e f e r e n c e ,  as f a r  as p o s s ib le  r e p r e s e n t a t i v e  o f  each recognised  s i g n a t u r e ,  
i s  a l so  p resen ted  with in  the  key. Reference to the s p e c t r a l  s i g n a t u r e  
i n t e r p r e t a t i o n  maps revea ls  the usefu l  c l a r i t y  o f  such a system a s ,  f o r  
example,  the dot  t i n t s  a s s o c ia t e d  with Triodia pungens c a t e g o r i e s  are 
c l e a r l y  d i f f e r e n t i a t e d  from the l i n e  t i n t s  of  such s o f t  g ras s  spec ie s  as 
Eriaohne dominii and Sporobolus au stra lasdcu s.
Although forming a v e g e ta t io n  key.  Table 4 i s  p r im a r i l y  in tended  as 
a r e f e r e n c e  system fo r  the  i n t e r p r e t e d  s p e c t r a l  s i g n a t u r e s  and consequent ly  
some c h a r a c t e r i s t i c  f e a t u r e s  a re  omi tted .  Stereograms o f  each s p e c t r a l  
s i g n a t u r e ,  f o r  example,  could no t  be p resen ted  due to  the  p r o h i b i t i v e  
c o s t  o f  i n f r a - r e d  p r i n t s ,  and in t h i s  ca se ,  a dichotomous method o f  
i d e n t i f y i n g  v e g e ta t io n  c h a r a c t e r i s t i c s  was thought  to  be i n a p p r o p r i a t e .  
However, the spec ie s  composit ion fo r  each u n i t  i s  given in d e t a i l ,
t o g e th e r  with vege ta t ion  s i t e  f a c t o r s ,  inc lud ing  ground c o n d i t i o n s ,
summarised under the general  heading o f  h a b i t a t .
The i n f r a - r e d  sp e c t r a l  s i g n a t u r e s  i n t e r p r e t e d  from the  photography,  a 
complete l i s t  of  which is  p resen ted  in Table 4,  have been mapped from 
indiv idual  s tudy  a reas  which are  descr ibed  in the  fo l lowing  c h a p t e r s .  
Although many sp e c t r a l  s ig n a tu r e  maps are complex, f r e q u e n t ly  s i m p l i f i c a t i o n  
has been n e c e s s i t a t e d  by problems of  c a r to g ra p h ic  r e p r e s e n t a t i o n  a t  t r u e
s c a l e s .  However, i t  has been p o s s ib le  in severa l  a rea s  to produce further-
s im p l i f i e d  s p e c t r a l  s ig n a tu r e  maps where u t i l i s a t i o n  o f  ground t r u t h  
in form at ion  has enabled the combination and grouping of  s i m i l a r  and 
r e l a t e d  s p e c t r a l  u n i t  c a t e g o r i e s .  New s p e c t r a l  s i g n a t u r e  u n i t s  r e s u l t i n g  
from a d d i t i v e  viewing i n t e r p r e t a t i o n  a re  p resen ted  in keys a s s o c i a t e d  with 
the r e l e v a n t  area  s ig n a tu r e  i n t e r p r e t a t i o n  maps.
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Table 4 . Key f o r  th e  recognised  s p e c t r a l  s ig n a tu re s
in t e r p r e t e d  on th e  f a l s e  co lour  i n f r a - r e d  imagery
SPECTRAL SIGNATURE
TEXTURE AND PHOTO PATTERN
SPECIES COMPOSITION OF THE 
VEGETATION ASSOCIATION /  PLANT 
COMMUNITY OR NATURE OF SURFACE







1 B1 ue 
Green
123 D + Blank - 
No t i n t
Fine and g en e ra l ly  smooth. 
Notable absence o f  t r e e s ,  
p l a n t  h e igh t  s h o r t  with  no 
shadow e f f e c t s .
P a t t e r n  cont inuous.
Volyoaryaea g labra  and Eriaohne 
rmaronar-a dominant with B u lb o s ty lis  
barbata  and F im b r is ty lis  sp . a f f .
F. diahotoma as s u b s id ia r y  s p ec ie s .
S k e le ta l  sandy to c lay  loams g ene ra l ly  
reddish  brown in co lour  but grey over 
g r a p h i t i c  s h a le s .  Associated with  high 
metal c on c en tra t io ns  in the so i l  
gen e ra l ly  r e l a t e d  to  bedrock 
m i n e r a l iz a t io n .
2 V io le t 87 D HN 499 Fine to medium with g en e ra l ly  
smooth appearance . Trees 
i s o l a t e d  and s c a t t e r e d ,  p la n t  
h e igh t  s h o r t  with no shadow 
e f f e c t s .
P a t t e r n  u s u a l ly  broken, 
con tinuous  in uniform a re a s .
Sporobolus a u s tra la s ia u s  
dominant in ground la y e r .
Arid red e a r th  p la in la n d s  c o n s i s t i n g  of  
red sandy c lay  loams over  mixed res id ua l  
and c o l lu v ia l  m a te r i a l .  Found g e ne ra l ly  
where the c lay  con ten t  i s  high and 
moisture  r e t a in e d  more r e a d i ly .
Most o f te n  developed over C a l c - s i 1ic a t e  
rocks on i n t e r f l u v e  s i t e s .
2 . A Purple 79 B HN 227 Fine and smooth. Trees 
v i r t u a l l y  ab s e n t ,  p l a n t  he igh t  
s h o r t  with no shadow e f f e c t s .  
P a t t e rn  continuous  and of te n  
in d i s t i n c t  bands.
Consociat ion of
Sporobolus a u s tra la s ia u s .
Floodp la in  environments with grey s o i l s  
of  heavy t e x tu r e  u su a l ly  developed over 
c a l c - s i l i c a t e  rocks . Soil o f te n  inc ludes  
a basal l a y e r  o f  c a l c r e t e  and i s  su b je c t  
to wate rlogging  and su r face  m i c r o r e l i e f  
development.
2.B V io le t
Blue
89 D HN 242 Medium and smooth al though  
mott led where bare ground 
well developed. Trees 
i s o l a t e d ,  p l a n t  he igh t 
r e l a t i v e l y  s h o r t  with l i t t l e  
shadow e f f e c t .
P a t t e rn  u s u a l ly  broken.
Dominantly consoc ia t ion  o f  
Sporobolus a u s tra la s ia u s  but with 
development of  bare area  and some 
s u b s id ia ry  Cleome v isoosa .
As f o r  2 . A.
3 Red
Purple
63 C HN 243 Fine and smooth, o c c as io na l ly  
mott led where bare  ground well 
sp o r a d ic a l ly  developed.  Trees 
i s o l a t e d  and r a r e ,  p la n t  he igh t 
s h o r t  with no shadow e f f e c t s . 
P a t t e rn  continuous in uniform 
a r e a s ,  o therwise  broken.
Eriaohne dom inii 
dominant in ground l a y e r .
Arid red e a r th  p la in la n d s  c o n s i s t i n g  
o f  red sandy c lay  loams o f te n  over 
mixed c o l lu v i a l  and re s idu a l  m ate r ia l 
o f  i n t e r f l u v e s  f re q u e n t ly  developed on 
c a l c - s i l i c a t e  rocks.
4 Red
Purple
65 C HN 32 
(40%)
Fine and smooth. Trees 
common and s c a t t e r e d ,  p l a n t  
h e ig h t  s h o r t  with no shadow 
e f f e c t s .
P a t t e r n  cont inuous in small 
uniform a rea s  bu t o th e rwise  
broken.
Enneapogcn p o ly p h y llu s  
dominant in ground la y e r .
Red sandy c lay  loams over  r e s id u a l  
m a te r ia l  and colluvium o f te n  on 
i n t e r f l u v e  s i t e s .  Also on th in  stony 
s k e l e t a l  brown to  red brown s o i l s  








HN 32 Medium to  f i n e  and smooth. 
S c a t te r e d  t r e e s ,  p l a n t  he ig h t  
s h o r t  with  no shadow e f f e c t s .  
P a t t e r n  c o n t in u o u s .
Enneapogon p o ly p h y llu s  dominant in 
ground layer  with A r is t id a  
browniana as a s u b s id ia r y  s p ec i e s .
S k e le ta l  dark brown to  grey shal low 
stony s o i l s  over  d o l e r i t e  l i t h o l o g i e s  







LT 143 Coarse,  smooth to  medium. 
Many s c a t t e r e d  t r e e s ,  p la n t  
h e ig h t  s h o r t  with  no shadow 
e f f e c t s .
P a t t e r n  con t in uous .
Enneapogm p o ly p h y llu s
dominant in a s p a r s e ly  rep re sen ted
ground cover.
Usually  much su r face  qu a r tz  
a s s o c ia ted  with the bare ground.
Varied h a b i t a t  ranging from a r i d  red 
e a r th  p la in la n d s  with red sandy c lay  
loams and su r face  q u a r t z  gravel to 
s k e l e t a l  dark brown to  red brown loams 
on s lopes  o f  va r ied  r e l i e f .
5 Greyed
Purple
186 D HN 32 
HN 499
Fine and smooth. Trees 
i s o l a t e d  and r a r e ,  p la n t  h e ig h t  
s h o r t  with  no shadow e f f e c t s .  
P a t t e r n  continuous  in  small 
uniform a re a s  but  o th erwise  
broken.
Enneapogon p o ly p h y llu s  and 
Sporobolus a u s tra la s ia u s  
co-dominant in ground l a y e r .
P la in lan d s  environment with  red sandy 
c lay  loams o f te n  with  s u r face  qu a r tz  
veneer over mixed c o l lu v i a l  and re s id ua l  
m a te r i a l .  Frequen t ly  developed on 
ex tens iv e  a rea s  o f  c a l c - s i l i c a t e  rocks .
7 Red
Purple
62 D LT 147 Fine and smooth, a l though 
mot tled  where bare  ground well 
deve loped . Trees i s o l a t e d ,  
p l a n t  h e ig h t  s h o r t  with  no 
shadow e f f e c t s .
P a t t e r n  g e n e ra l ly  broken 
ex cep t f o r  i s o l a t e d  uniform 
g e n e ra l ly  fragmented a r e a s .
A ris tid a . con to rta  
dominant in ground l a y e r .
Arid red e a r th  p la in la n d s  environment 
with red sandy c lay  loams developed over  
mixed c o l lu v i a l  and re s id u a l  m a te r i a l .  
Usually  a well developed , d i s t i n c t  
su r face  veneer  o f  qu a r tz  g r a v e l .
8 Blue
Green
116 D LT 112 Coarse,  rough and g ran u la r  
where r ing  forms are  well 
developed. Trees common and 
s c a t t e r e d ,  p la n t  h e ig h t  up to 
1 metre with  d i s t i n c t  minor 
shadow.
P a t t e r n  continuous  in t u f t s  
o r  c lumps.
T rio d ia  pungens dominant in 
c l o s e ly  spaced ground la y e r  
ch a ra c te r i s ed  by rock o u tc ro ps .  
S ca t te red  Eucalyptus spp. t r e e s  
common with red purple  65 D 
s ig n a tu re .
S k e le ta l  red to dark brown sandy loams 
over  near  su r face  bedrock ou tc rops  o f  
limes tone agglomerate,  a r g i l l a c e o u s  




123 D LT 114 Coarse,  rough and g r a n u l a r  
where bare a rea  well d e f in ed  
between t u f t s .  Trees  widely 
s c a t t e r e d ,  p l a n t  h e ig h t  up to 
1 metre  with  d i s t i n c t  minor 
shadow.
P a t t e r n  con t inuous .
T rio d ia  pungens dominant in  ground 
l a y e r  which i s  dense with 
indiv idual t u f t s  spaced under 1 
metre apa r t .
Red sandy loams over  u n d u la t in g  t e r r a i n  
developed on c a l c - s i l i c a t e  and r e l a t e d  
ro ck s .  Also l o c a te d  on mixed r a t h e r  s tony 
re s id u a l  and c o l lu v i a l  m a te r i a l  on 
in t e r f l u v e  s i t e s  and a rea s  o f  co l luvium 
o f  vary ing  r e l i e f .
10 Blue
Green
121 D LT 113 
(At 90° 
to  paper)
Medium to  f i n e  and smooth, 
o f te n  speckled  where t u f t s  
more c o n s i s t e n t .  Trees  widely 
s c a t t e r e d ,  p l a n t  h e ig h t  up to 
50 cm with v i r t u a l  no shadow. 
P a t t e r n  con t in uo u s .
T rio d ia  pungens dominant but sparse  
in  ground la y e r .
Much bare ground with t u f t s  spaced 
4 - 5  metres a p a r t .
Shallow red to  dark brown sandy loams 
with  near  s u r face  ou tc ropp in g  bedrock 
common. I n t e r f l u v e  and c o l lu v ia l  s i t e s  









HN 201 Medium to  c o a r s e ,  o f t e n  rough 
o r  g r a n u l a r  where T r io d ia  spp . 
well deve loped. Trees common 
and s c a t t e r e d ,  p l a n t  h e ig h t  up 
to  50 cm with  l i t t l e  shadow. 
P a t t e r n  con t inuous  but broken 
where Enneapogon spp . well 
developed .
T rio d ia  pungens and Enneapogon 
p o ly p h y llu s  co-dominant in o f te n  
spa r se  ground l a y e r .
Red sandy to sandy c l a y  loams deve loped 
on mixed re s id u a l  and c o l lu v i a l  m a te r i a l  
f r e q u e n t ly  occupying f o o ts lo p e  and 
i n t e r f l u v e  s i t e s .  Often found on 
in t e rm e d ia te  s i t e s  between a r i d  red e a r t h  
p la in la n d s  and sandy s k e l e t a l  s o i l s  o f  
lower s lop es  o f  o u t s ta n d in g  r e l i e f .
12 B1 ue 
Green
119 D HN 293 Coarse,  medium to  rough and 
g r a n u l a r .  Trees widely 
s c a t t e r e d ,  p l a n t  h e ig h t  up to 
1 metre with  d i s t i n c t  minor 
shadow.
P a t t e r n  con t in uo u s .
T r io d ia  pungens dominant in ground 
l a y e r  which i s  mode rately dense with 
ind iv id ual t u f t s  spaced from 1 - 3 
me tres  apart  and consequen t ly  much 
bare  ground ev id en t .
Red sandy to sandy c l a y  loams deve loped 
on colluv ium with some re s id u a l  m a te r ia l  
and mainly occupying f o o ts lo p e  s i t e s  on 






HN 278 Medium to  co a rse  and smooth to 
medium. Speckled where t u f t s  
more c o n s i s t e n t .  Trees common, 
p l a n t  h e ig h t  up to  50 cm, 
l i t t l e  shadow.
P a t t e r n  con t inuous .
T rio d ia  pungens dominant but 
r e l a t i v e l y  sparse in ground l a y e r .  
Much bare ground with  t u f t s  spaced 
3 - 4  me pres a p a r t .  S c a t t e r e d  
E ucalyptus spp. t r e e s  common with  
red  purple 65 D s ig n a t u r e .
Red, sandy c lay  loams to  red brown th i n  
s k e l e t a l  s o i l s  a s s o c i a t e d  with near  
s u r face  bedrock,  over  mixed c o l lu v i a l  
and re s id u a l  m a te r i a l  well developed on 












c r o s s e s  (x)
Coarse and rough with  o f te n  
g ra n u la r  appearance . Trees 
common and dense along l i n e s  
o f  d ra in ag e ,  p l a n t  h e ig h t  up 
to 2 metres  with d i s t i n c t  
shadow.
P a t t e r n  broken.
T rio d ia  pungens dominant in dense 
ground layer  with shrub  canopy o f  
A cacia  oh isho lm ii.
S k e le ta l  red sandy loams on d i s s e c t e d  
t e r r a i n  f l a n k in g  c reek s  and major a rea s  
o f  g u l ly  e r o s io n .  Coarse a l luv ium , 
sand and gravel  in a c tu a l  d ra inag e  beds 
where moisture  tends  to  be co n c en t ra t ed  
g iv ing  r i s e  to  dense v e g e ta t io n  o f
ground l a y e r .  ,
15 Blue
Green
116 A LT 958 Coarse and rough o f t e n  with 
g r a n u l a r  app earance .  Trees  
common and shrubs  o f t e n  dense,  
p l a n t  h e ig h t  up to  2 - 3 metres 
with  d i s t i n c t  shadow.
P a t t e r n  broken.
T rio d ia  oungens dominant in dense 
ground layer  with v a r i ed  shrub 
canopy of Acacia c h ish o lm ii,  A aacia  
ly soph lo ia , Erem ophila la tr o b e i  and 
T ris ta n ia  and M elaleuca spp . e t c .
As f o r  14.
16 White 155 D LT 120 Fine and smooth, o c c a s i o n a l l y  
speck led  o r  m o t t l e d .  Trees 
i s o l a t e d  and s c a t t e r e d ’. 
P a t t e r n  con t in uo u s .
Mainly bare ground ex cep t  f o r  a few 
i s o la te d  herbs and s o f t  g ra s s  spec­
ie s  in  a very sparse  ground l a y e r .
Arid red e a r t h  p la in l a n d s  c o n s i s t i n g  o f  
red  sandy c lay  loams with high c lay  
c o n t e n t .  Also a rea s  o f  s u r f a c e  q u a r t z  
in  und u la t in g  c a l c - s i l i c a t e  t e r r a i n .
17 Blue
Green
121 C LT 121 Medium to  f i n e  and smooth. 
Trees  widespread  and s c a t t e r e d  
P a t t e r n  co n t in uo u s .
Bare area with much su r f a c e  ru bb le . Varied s i t e s  ranging  from s k e l e t a l  s o i l s  
on s tee p  s lopes  to  red sandy c l a y  loam 
p l a in l a n d s .
18 Blue
Green
123 C HN 703 Fine and smooth, o c c a s i o n a l l y  
speckled  o r  m o t t l e d .  Trees 
i s o l a t e d  and s c a t t e r e d .  
P a t t e r n  con t in u ou s .
Bare area c h a ra c t e r i s e d  by a 
s u r face  quar tz rubble  veneer .
Thin s k e l e t a l  brown to  red s o i l s  on h i l l  
s lo pes  and p l a in la n d s  c h a r a c t e r i s e d  by 
q u a r t z  /  q u a r t z i t e .  Soil  o c c a s i o n a l l y  
found as a shal low p r o f i l e  sandy c l a y  loam.






LT 152 Coarse and vary ing  from rough to 
smooth. Trees  i s o l a t e d  and r a r e .  
P a t t e r n  broken.
Bare area a s s o c ia te d  with  rock 
ou tc rops ,  gen e ra l ly  a s s o c i a t e d  with 
the  c a l c - s i l i c a t e  group o f  rocks .
Areas o f  rock ou tc ro p ,  with  f r e q u e n t  
pockets  o f  s k e l e t a l  s o i l  lo c a te d  in 










HN 647 Coarse and medium to  rough. 
Interwoven t r e e  mosaic with  
f i n e  and smooth bare  ground o r  
w a te r  s u r f a c e .  Trees  dense and 
p r o l i f i c  up to  20 me tres  high 
with  d i s t i n c t  shadow.
P a t t e r n  broken.
Eucalyptus ca rm ldu lensis  and River  and creek beds with sand, gravel 
T r is ta n ia  grandi f l o r a  dominant with ' and a l lu v iu m . Often expanses o f  bedrock 
many other  var ied  t r e e  and shrub : and w ate r  where con ta ined  in a w a te r  ho le , 
species  e s p e c i a l l y  M elaleuca spp . Where r i v e r  o r  creek  system b r a i d s ,  sand 
in  major r i v e r s .  Mainly bare ground; banks and a rea s  o f  bare  ground a re  
between t r e e s  but occas io na l  , common, 
occurrence of  Cyperus cunningham ii 
and other  herb sp ec ie s .
21 Red
Purpl e
68 B + 
68 C + 
65 D
HN 255 j  Eucalyptus te rm in a lis , TepÆrosia i 
As f o r  20. ^purpurea var. a x i l l a r i s  and Acacia  \ As f o r  20. 
\ ah isholrrii dominant with T rio d ia  \
\ pungens forming the ground l a y e r .  j
22 Combined s ig n a tu r e HN 243 + 
r e l e v a n t  
numbers
I n i t i a l  number r e f e r s  to  sp ec ie s  which i s  dominant and numbers t h e r e a f t e r  r e f e r  to o th e r  dominants o r  s u b s i d i a r y





116 D + 
123 D + 
63 D
HN 275 Coarse and medium to rough, 
o f te n  g r a n u l a r .  Trees widely 
s c a t t e r e d ,  p l a n t  h e ig h t  up to 
1 metre with  l i t t l e  shadow. 
P a t t e r n  broken.
T rio d ia  pungens and Cenchrun 
p en n ise tifo rm is  co-dominant in  the 
ground layer.
Sk e le ta l  brown sandy loams on r e l a t i v e l y  
s tee p  s lopes  deve loped on c a l c - s i l i c a t e s  
u s u a l ly  lo c a ted  nea r  to  a v a i l a b l e  
m o i s tu re ,  ie  d ra in ag e  networks.
24 Red
Purple
62 C LT 914 Medium to  f i n e  and s m o o t h ,o f t e n  
l i n e a r  a long  m ajo r  r i v e r s .
T rees  common, o f t e n  d en s e ,  
p l a n t  h e i g h t  up to  40cm w ith  
no d i s t i n c t  shadow.
P a t t e r n  co n t in u o u s .
Cenchrus p e n n is e t i fo r m is  
dominant in  ground l a y e r .
L ig h t  to  dark  brown a l l u v i a l  c l a y s ,  
sands and g r a v e l s  a s s o c i a t e d  w ith  c ree k s  
and r i v e r  c o u r s e s .  Also red  to  red  brown 
c l a y s  and c l a y  loams in  p l a in l a n d  a r e a s  
where s o i l  m o i s tu re  f r e e l y  a v a i l a b l e .
25 Blue
Green
121 C LT 148 Fine  and smooth. Trees  
w idesp read  and s c a t t e r e d ,  p l a n t  
h e i g h t  s h o r t  w i th  no shadow. 
P a t t e r n  c o n t in u o u s .
Enneapogon p o ly p h y llu s  dominant 
wi th  F im b r is ty l is  s p . a f f .  F. diahotoma^ 
A r is t i d a  c o n to r ta  and Enneapogon 
a sp era tu s  as s u b s i d i a r y  s p e c i e s .
S k e l e t a l  brown to  dark brown sandy loams 
with l a r g e  s to n e  and ru b b le  c o n t e n t  on 
d i s t i n c t  d o l e r i t e  /  am p h ib o l i t e  bed rock .
26 V io le t 87 C HN 612 Fine and smooth. Trees  o f t e n  
dense  and w id es p read ,  p l a n t  
h e i g h t  up to  1 m etre  w ith  
smal l shadow e f f e c t .
P a t t e r n  co n t in u o u s .
Chrysopogon f a l l a x  
dominant in ground l a y e r .
L ig h t  to  dark brown a l l u v i a l  c l a y s  and 
heavy f r e q u e n t l y  g rey  c l a y  loams a s s o c i a t e d  
with  c ree k s  and d r a in a g e  c o u r s e s .  Also 
dark  brown to  b la ck  c l a y s ,  o f t e n  in  poor ly  
d ra in e d  d e p r e s s io n s  in  p l a in l a n d  a rea s  
where m o i s tu re  c o n c e n t r a t e d  and s u b j e c t  to  
w a te r lo g g in g .





HN 299 Medium to  c o a r s e  and medium to  
rough.  Trees  g e n e r a l l y  a b s e n t ,  
p l a n t  h e i g h t  s h o r t  w i th  no 
shadow e f f e c t s .
P a t t e r n  broken  in t o  small 
c i r c u l a r  u n i t s .
A sso c ia t io n  o f  Sporobo lus  
a c tin o o la d u s , C h lo r is  p e c t in a ta  
and I se ile m a  m aara thenm .
Dark brown to  b la ck  c r a c k in g  c l a y  s o i l s  
o f  heavy t e x t u r e  occ upying  small c i r c u l a r  
o r  e lo n g a te d  oval d e p r e s s io n s  in  p l a in l a n d  
a r e a s ,  p o o r ly  d r a in e d  and s u b j e c t  to  
w a te r lo g g in g  in  th e  wet season .
28 Purp le  - 
V io le t
80 C HN 673 Fine and medium to  smooth. 
Trees  s c a t t e r e d  and common, 
p l a n t  h e i g h t  up to  40cm with 
l i t t l e  shadow.
P a t t e r n  con t in u o u s  in  d i s t i n c t  
bands around  above a s s o c i a t i o n  
(27) and in  g r e a t e r  a r e a s  
g e n e r a l l y  broken .
B othriodn loa  ew artiana  dominant in 
ground la y e r  o r  forming a 
c o n s o c i a t i o n .
Red brown to  brown sandy c l a y  loams to  
c l a y s  and dark  brown to  b la ck  c l ay s  o f  
heavy t e x t u r e  a s s o c i a t e d  w ith  c ree k s  and 
d ra in a g e  co u rs e s  o r  c l a y  d e p r e s s io n s  in 
p l a in l a n d  a r e a s  where d ra in a g e  i s  poor 
and m o i s tu re  tends  to  be c o n c e n t r a t e d .  
D epress io ns  f r e q u e n t l y  w a te r logged  dur in g  
and im media te ly  a f t e r  th e  wet season .
29 Viol e t 85 D LT 928 Fine to medium and smooth .
Trees  i s o l a t e d  and s c a t t e r e d ,  
p l a n t  h e i g h t  s h o r t  w i th  no 
shadow e f f e c t s .
P a t t e r n  c o n t in uo u s  bu t  broken 
where b are  a rea  wel l deve lo ped .
Eriaohne do m in ii and Sporobo lus  
a u s tr a la s ia u s  co-dominant in 
ground la y e r .
Arid red  e a r t h  p l a i n l a n d s  c o n s i s t i n g  o f  
red sandy c l a y  loams deve loped on mixed 
r e s id u a l  and c o l l u v i a l  m a t e r i a l .  S i t e s  
f r e q u e n t ly  in c lu d e  g e n t l e  s lo p es  





LT 958 + 
hand drawn 
c i r c l e s .
Medium to  c o a rs e  and smooth to 
medium. Trees  w idespread  and 
s c a t t e r e d .  Shrub h e i g h t  up to  
2 m e tr es  w ith  small shadow. 
P a t t e r n  b roken.
A r is t i d a  c o n to r ta , Enneapjogon 
p o ly p h y llu s  and Eriaohne d o m in ii 
dominant in ground l a y e r  w ith  shrub 
canopy of  A aacia a h ia h o lm ii.
Red sandy c l a y  loams and s k e l e t a l  s o i l s  
on g e n t ly  s lo p in g  d i s s e c t e d  t e r r a i n  
p a r a l l e l i n g  d r a in a g e  co u rs e s  in  p l a in l a n d  
a r e a s  g e n e r a l l y  u n d e r l a in  by c a l c - s i l i c a t e  
r o c k s .






HN 290 Medium to  c o a r s e  and medium. 
Trees  common and w id esp read ,  
p l a n t  h e i g h t  up to  30cm w ith  
no shadow e f f e c t .
P a t t e r n  b roken .
Enneapogon p o ly p h y llu s  and 
Cleome v iso o sa  co-dom inant in  the  
ground la y e r .
Arid  red  e a r t h  p l a i n l a n d s  c o n s i s t i n g  o f  
red  sandy c l a y  loams o f t e n  o ve r  mixed 
c o l l u v i a l  and r e s id u a l  m a te r i a l  on 
i n t e r f l u v e  s i t e s ,  g e n e r a l l y  u n d e r l a in  by 
c a l c - s i l i c a t e  r o c k s .
32 Red
+
V io le t
49 C + 
49 0 + 
87 0 + 
92 C
LT 164 Medium to  c o a r s e  and smooth, 
sometimes m o t t l e d  w i th  bare  
ground. Trees  w id esp read  and 
s c a t t e r e d ,  p l a n t  h e i g h t  s h o r t  
w i th  no shadow e f f e c t s .
P a t t e r n  c o n t in u o u s  in  l a r g e  
a r e a s  bu t  broken w i th  bare  
ground when deve loped  p a t c h i l y .
Associa tion  o f  Eriaohne d o m in ii ,  
A r is t id a  c o n to r ta  and Enneapogon  
p o ly p h y llu s  forming a f a i r l y  dense 
ground cover.
Red sandy c l a y  loams to  sandy loams on 
u n d u la t in g  lowlands commonly s i t e d  on 
c a l c - s i l i c a t e  bedrock . F r e q u e n t ly  well 
deve loped on broad  l e v e l  i n t e r f l u v e  






HN 291 Fine and smooth. Trees  i s o l a t e d  
and r a r e ,  p l a n t  h e i g h t  up to  30 
cm w ith  no shadow e f f e c t  . 
P a t t e r n  co n t in u o u s  e x c e p t  where 
Enneapogon sp p . wel l deve lo ped .
Associa tion  o f  B u lb o s ty l i s  b a rb a ta ,  
Cleome v iso o sa , F i m b r is ty l i s  sp . a f f  
F. dichotoma  and Enneapogon 
p o ly p h y tlu s  forming s p a r s e  ground 
la y e r .
Red sandy c l a y  loams on u n d u la t in g  
p l a in l a n d s  d i s s e c t e d  by sha l low  c r e e k s .  
Often o ver  mixed c o l l u v i a l  and r e s id u a l  
m a te r i a l  commonly on c a l c - s i l i c a t e  rocks .  
I n t e r f l u v e  and f l a n k in g  d ra in a g e  s lo p e s .
34 Blue 
Green + 
P u rp le  + 
Viol e t  + 
V io le t  
Blue + 
Whi t e
120 B + 
114 B + 
78 0 + 
84 C + 






1 i n e s .
Medium to  smooth , g e n e r a l l y  
f i n e  b u t  o c c a s i o n a l l y  c o a rs e  
where t r e e  d e n s i t y  i s  h ig h .  
Trees  common and d i s t i n c t  w ith  
smal l shadow e f f e c t ,  ground 
l a y e r  w ith  no shadow e f f e c t .  
P a t t e r n  broken e x c e p t  f o r  small 
a r e a s  o f  ground v e g e ta t i o n  
where co n t in u o u s .
Much bare ground s tudded  by Aaacia  
oambagei t r e e s  which in  c e r t a i n  
a r e a s  become q u i t e  c l o s e l y  spaced .  
Sparse ground cover  o f  Sporobo lus  
a ctifioa ladus  and D aotyloa ten ium  
radulans  which can be well d e v e l ­
oped ana dense in  smal l a r e a s  o r  
pa tches .
Arid red  e a r t h  p l a i n l a n d s  c o n s i s t i n g  o f  
red sandy c l a y  loams w i th  much s u r f a c e  
q u a r t z  and ru b b le  co ve r  and high i r o n  
c o n t e n t .  Shal low b r a id e d  d ra inage  
co u rs e s  common. Also brown c l a y  s o i l s  o f  
heavy t e x t u r e  in  f l o o d p l a i n  a r e a s ,  p oor ly  
d ra in e d  and t r a v e r s e d  by sha l low  b ra ided  




Purp le  




LT 131 Fine and smooth , a l th o u g h  
medium to  co a rs e  where t r e e s  
c o n c e n t r a t e d .  Trees  numerous 
and o f t e n  d en s e ,  p l a n t  h e i g h t  
s h o r t  w i th  no shadow e f f e c t s .  
P a t t e r n  co n t in u o u s .
Complex a s s o c i a t i o n  o f  Chrysopogon  
f a l l a x ,  Themeda a u s t r a l i s , 
B othrioch loa  ew a rtia n a  and 
Sporobolus a c t in o o la d u s .
Oark brown to  b lack  c l a y  s o i l s  o f  heavy 
t e x t u r e  o f t e n  c rack ed  and s u b j e c t  to  
w a te r lo g g in g  du r in g  and a f t e r  the  wet 
season . P oor ly  d r a in e d  d e p r e s s io n s  and 
broad d ra in a g e  l in eam en ts  in  p l a in l a n d  
and f l o o d p l a i n  en v i ro n m en ts .
36 Viol e t 85 0 HN 695 Medium and smooth. Trees  
i s o l a t e d  and r a r e ,  p l a n t  h e i g h t  
s h o r t  with  no shadow e f f e c t .  
P a t t e r n  co n t in u o u s .
Bare area with  sp a r s e  cove r  o f  
D aotyloatenium  radulann  and 
Chrysopogon fa l l a x .
Red sandy c l a y  loams o f  a r i d  red e a r t h  
p l a in l a n d s  o f t e n  o v e r  mixed r e s id u a l  and 
c o l l u v i a l  m a te r i a l  f r e q u e n t l y  found on 
the  margins o f  broad  i n t e r f l u v e s  u s u a l l y  








LT 951 Medium and medium to  smooth, 
o f t e n  m o t t l e d  w i th  b a re  ground.  
Trees  w idespread  and common, 
p l a n t  h e i g h t  up t o  30cm w ith  
no shadow e f f e c t .
P a t t e r n  broken.
A ssoc ia t ion  o f  Sporobo lus  
a c tin o o la d u s , E r a g r o s t is  d e ser to rw n  
and D aotyloatenium  ra d u la n s  w ith  
Chrysopogon f a l l a x  and B o th r io c h lo a  
ew artiana  as  s u b s i d i a r y  s p e c i e s .
Brown to  dark  brown sandy loams to  
c ra c k in g  c l a y s .  Often  a s s o c i a t e d  on 
margins  o f  c l a y  d e p r e s s io n s  in  p l a i n l a n d  
a r e a s  where d ra in a g e  i s  r e l a t i v e l y  poor . 
U sua l ly  s i t e d  on c a l c - s i l i c a t e  rocks  in 






Purp le  
+ V io le t
123 0 + 





123 B LT 953
Medium and medium t o  rough .
Trees  i s o l a t e d  and s p a r s e ,  p l a n t  
h e i g h t  s h o r t ,  no shadow e f f e c t .  
P a t t e r n  co n t in u o u s .
B oth rio ch lo a  e w a r tia n a ,  
D aotyloatenium  ra du lans  a s s o c i a t i o n  
w ith  T rira p h is  m o l l i s  and 
F im b r is t- j lis  sp . a f f .  F. d ichotom a  
as  s u b s id ia r y  s p e c i e s .
Brown to  dark  g rey  c r a c k in g  c l a y  s o i l s .  
A ss o c i a te d  w i th  d e p r e s s io n s  and a r e a s  o f  
b ra id ed  poor  d ra in a g e  where w a te r lo g g in g  
i s  common. F re q u e n t ly  found in  a 
f l o o d p l a i n  env ironment based on c a l c -  
s i l i c a t e s .
Medium and smooth. Trees  
v i r t u a l l y  a b s e n t ,  p l a n t  h e i g h t  
s h o r t ,  no shadow e f f e c t .
P a t t e r n  broken in t o  a s e r i e s  o f  
e l o n g a t e d  oval lozenge  sh ap es .
Bare are., with  a s p a r s e  ground l a y e r  
dominated by Enneapogon avenaoeus  
and A r is t id a  c o n to r ta  w ith  
Sporobolus a u s tr a la s ia u s  as  a 
s u b s id ia  y  s p e c i e s .
Dark brown to  b lack  c r a c k in g  c l a y  s o i l s  
o f  heavy t e x t u r e  s i t e d  on p o o r ly  d r a in e d  
f l o o d p l a in  a r e a s  o f  major r i v e r s  and 
p l a in l a n d s  where d i s t i n c t  s u r f a c e  micro - 
r e l i e f  deve lo ped .  S i t e d  in  d e p r e s s io n .
40 V io le t  
+ Red 
Purp le  
+ Blue 
Green
84 0 + 
65 0 + 
123 0
LT 162 Coarse and rough o f t e n  w i th  
i n t e n s e  sp eck led  ap p e a ran ce .  
Trees  a b s e n t ,  p l a n t  h e i g h t  up 
to  60cm w i th  no shadow e f f e c t .  
P a t t e r n  co n t in u o u s  and o f t e n  in  
l i n e a r  bands around a r e a s  o f  39.
A sso c ia t ion  with Odmum sanctum  and 
As tr e b le  squarrosa  dominant in 
ground ^ayer with Braahyacne 
convergens. S id a  a c u ta  and I s e ile m a  
macratherum  as s u b s i d i a r y  s p e c i e s .
Oark brown to  b la ck  c r a c k in g  c l a y  s o i l s  o f  
heavy t e x t u r e .  P oor ly  d r a in e d  p l a in l a n d s  
w i th  deve loped s u r f a c e  m i c r o r e l i e f .  
A s s o c i a t i o n  s i t e d  on s lo p e  and r i s e  a r e a s .  
Also developed  in  smal l a r e a s  on l a r g e  
f l o o d p l a in s  a d j a c e n t  t o  majo r  r i v e r s .





87 0 + 
73 0 + 
124 0
LT 124 Medium to  c o a r s e  and rough . 
Trees  a b s e n t ,  p l a n t  h e i g h t  up 
to  60cm w ith  no shadow e f f e c t .  
P a t t e r n  c o n t in uo u s  and o f t e n  
l i n e a r  b o r d e r in g  a r e a s  o f  
a s s o c i a t i o n  39 and 40.
A ssoc ia t ion  o f  Braahyacne aonvergens  
and Side acu ta  w ith  I s e ile m a  
macratherum  and P t i lo t u s  s p ia a tu s  
as  s u b s id ia r y  s p e c i e s .
As above f o r  40 deve loped on heavy c l a y  
p l a in l a n d s  and f l o o d p l a i n s  mainly  
u n d e r l a in  by c a l c - s i l i c a t e  r o c k s ,  ex c ep t  
c o n c e n t r a t e d  mainly  in  th e  r i s e  a r e a s  o f  
th e  m i c r o r e l i e f .





87 0 + 
73 0 + 
123 C
HN 300 Medium and medium to  rough , 
o f t e n  w ith  i n t e n s e  sp eck led  
ap p e aran ce  where bare  ground 
showing th r o u g h .  Tre es  a b s e n t ,  
p l a n t  h e i g h t  up to  50cm w ith  
no shadow e f f e c t .
P a t t e r n  c o n t in u o u s ,  broken only 
where c o n c e n t r a t e d  i n t o  small 
a r e a s .
A sso c ia t ion  o f  Braahyacne aonvergens  
Sporobolus a u s tr a la s ia u s  and 
Iseilem c. macratherum  w ith  some S id a  
a cu ta , C ro ta la r ia  t r i f o l i a s t r u m  and 
Ooimum sanctum  as  s u b s i d i a r y  
spec ie s
As f o r  41
43 V io le t  
B1 ue 





LT 956 Medium to  f i n e  and smooth. 
T rees  r a r e  and i s o l a t e d ,  p l a n t  
h e i g h t  s h o r t  w i th  no shadow 
e f f e c t .
P a t t e r n  b roken.
Consocia tion  o f  Braahyacne 
aonvergens w ith  some Boerhaavia  
d i f fu s a ,  Enneapogon p o ly p h y llu s  and 
Cleome v iso o sa  as s u b s i d i a r y  
s p ec i e s .
As f o r  41 .






HN 651 Medium to  f i n e  and smooth. 
Trees  uncommon and s c a t t e r e d ,  
p l a n t  h e i g h t  s h o r t  w i th  no 
shadow e f f e c t .
P a t t e r n  broken bu t  c o n t in uo u s  
in  l a r g e  un ifo rm a r e a s .
Bare area with  D ioanthium  tenu iau lum  
and Sporobolus a u s tr a la s ia u s  
dominant in s p a r s e  ground l a y e r  w ith  
some P ortu laoa sp . nav. as a 
s u b s id ia r y  s p e c i e s .
P l a i n l a n d  margins w ith  sandy dark brown 
c l a y  loams to  b la ck  c l a y s .  No well 
developed  s u r f a c e  m i c r o r e l i e f  b u t  some 
s u r f a c e  c ra c k in g  o f  th e  c l a y  s o i l .
U sua l ly  u n d e r l a in  by c a l c - s i l i c a t e  roSks 
w i th  c a l c r e t e  co n ta in e d  w i th i n  th e  p r o f i l e .
45 V io le t  
+ Red 
Purp le  
+ V io l e t  
Blue
88 B + 
62 C + 
94 C
HN 469 Coarse and rough o f t e n  w ith  
mosaic  t e x t u r e .  Trees  common 
and o f t e n  dense w i th  sh rub  
h e i g h t  up to  3 m e tres  o f t e n  
g iv in g  d i s t i n c t  shadow e f f e c t .  
P a t t e r n  broken .
Close ly  spaced t r e e  canopy o f  
Euca lyp tus te r m in a l is .  E u c a lyp tu s  
a r g illa o e a  over  a dense shrub  l a y e r  
o f  Aoaoia o h is h o lm ii  and a ground 
l a y e r  dominated by T r io d ia  pungens.
Brown to  red brown sandy c l a y  loams On 
u n d u la t in g  lowland f r e q u e n t l y  o ve r  mixed 
c o l l u v i a l  and r e s id u a l  m a te r i a l  on 
i n t e r f l u v e s  and d i s s e c t e d  s lo p e s  f l a n k in g  
d r a in a g e  c o u r s e s .  U su a l ly  s i t e d  over  
c a l c a r e o u s  bedro ck.
45 Red
P urp le
74 C LT 122 
h o r i z o n ta l
Medium and medium to  smooth. 
T rees  common and w id e s p r e a d ,  
p l a n t  h e i g h t  up to  30cm w ith  
no shadow e f f e c t .
P a t t e r n  con t in u o u s  b u t  o f t e n  
broken in  l a r g e  a r e a s  where 
clumping o c c u rs .
A sso c ia t ion  where E u la l ia  fu l v a ,  
Themeda a u s t r a l i s  and Sehima  
nervosum  dominant in  th e  ground 
la y e r  with B o th rio ch lo a  ew a r tia n a  
a s  a s u b s id ia r y  s p e c i e s .
Thin sandy loams on sandy g r a v e l l y  
a l lu v iu m  g rad in g  to  dark  brown heavy 
c l a y  loams. A ss o c i a te d  w i th  b ra id e d  
d r a in a g e  li n eam en ts  and c ou rse s  on th e  
margins o f  p l a i n l a n d s  u s u a l l y  u n d e r l a in  











h o r i z o n ta l  
1i n e s .
Coarse and rough w i th  o f t e n  
g r a n u l a r  mosaic t e x t u r e .  Trees  
f r e q u e n t  and dense producing  
d i s t i n c t  shadow e f f e c t .
Ground l a y e r  up to 50cm with 
no shadow e f f e c t .
P a t t e r n  c o n t in u o u s .
A ssoc ia t io n  where A aacia  oambagei i s  
dominant in a t r e e  canopy c o n t a in i n g  
s c a t t e r e d  E. t e r m in a l is ,
E. b r e v i fo l i a ,  E. o r g i l la c e a  s p e c ie s  
Ground la y e r  dominated by T r io d ia  
pungens with Enneapogon p o ly p h y llu s  
and Enneapogon ob longus  as 
s u b s id ia r y  s p e c i e s .
S k e le t a l  sandy red to  dark  brown loams 
on s t e e p l y  deve loped c r e s t  s lo p e s  w ith  
much s u r f a c e  r u b b le  deve loped on 
c a l c - s i l i c a t e s  and o f t e n  s p e c i f i c a l l y  
on b la ck  Marimo S l a t e .
CHAPTER 4
The r e c o g n i t i o n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s  d i s p l a y e d  by 
the m u l t i s p e c t r a l  photography o f  the  Dugald River  lode a rea
Within th e  Dugald R iver  a r e a ,  n o r th  wes t  o f  C loncu r ry ,  th e  occur rence  
of  a l e a d - z i n c  o re  body,  known as  the  Dugald River l o d e ,  i s  r e v e a l e d  in the  
s u r face  v e g e t a t i o n  by a well  d e f in e d  g e o b o tan ica l  anomaly ( P l a t e  11) .  
Previous g e o l o g i c a l ,  geochemical  and geobo tan ica l  i n v e s t i g a t i o n s ,  under­
taken in 1962 ( N i c o l l s  e t  al  1965) ,  conf irmed t h a t  th e  Dugald River lode 
o f f e r e d  unique o p p o r t u n i t i e s  f o r  the  s ens ing  o f  a r e l a t i v e l y  u n d i s tu rb e d  
major o re  body. The f i r s t  s t u d i e s  were t h e r e f o r e  c o n c e n t r a t e d  on the  
r e c o g n i t i o n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s  d i s p l a y e d  by the  
m u l t i s p e c t r a l  pho tography  reco rded  over  t h i s  a r e a .
The s p e c t r a l  s i g n a t u r e s  o f  v e g e t a t i o n  communit ies  were i n i t i a l l y  
i d e n t i f i e d  on the  m u l t i s p e c t r a l  pho tography  o f  the  Dugald River  lode and 
i t s  immediate environment and e v a l u a t e d  with  r e f e r e n c e  to  bedrock m i n e r a l ­
i z a t i o n  and o t h e r  r e l e v a n t  env i ronm enta l  f a c t o r s  i n f l u e n c in g  t h e i r  
d i s t r i b u t i o n .  On th e  b a s i s  o f  t h e s e  i n v e s t i g a t i o n s  over the  main lead  
zinc ore body,  f u r t h e r  s t u d i e s  were under taken  on th e  m u l t i s p e c t r a l  
photography co v e r in g  o t h e r  a r e a s  o f  m i n e r a l i z e d  t e r r a i n  w i th i n  the  Dugald
River lode a r e a .
Immediately to  the  n o r t h ,  and co n t in u in g  along the  l i n e  o f  the  Dugald 
River lo d e ,  a small anomalous p l a n t  community s i m i l a r  to  t h a t  over the  
main lode zone occu rs  over  an o u tc ro p  o f  copper  m i n e r a l i z e d  g r a p h i t i c  s h a le s  
Result s  from i n v e s t i g a t i o n s  in t h i s  a r e a ,  known as the  Ausminda l e a s e s ,  a re  
p resen ted  i n ' t h e  second s e c t i o n  o f  t h i s  c h a p t e r .  The s p e c t r a l  s i g n a t u r e s  
of  p l a n t  communit ies i d e n t i f i e d  on th e  m u l t i s p e c t r a l  pho tography o f .
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m in e ra l i z e d  t e r r a i n  sou th  o f  th e  Dugald River lode in the  c o n t r a s t i n g  
envi ronments  o f  t h e  Roseby homestead and Godkin a r e a s  a r e  e v a l u a t e d  in 
Chapter  5. On the  b a s i s  o f  t h e s e  s t u d i e s  w i t h i n  the  Dugald River  lode 
area  i t  was p o s s i b l e  t o  i d e n t i f y  by e x t r a p o l a t i o n  new and s i m i l a r  
d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  in  o t h e r  a r e a s  o f  the Dugald R ive r  and 
Mary Kath leen  -  C loncurry  r e g io n s  covered  by the  survey  photography.
4.1 The Dugald R ive r  lode  and i t s  immediate l o c a l i t y
At both  th e  1 :5 ,0 0 0  and 1 :15 ,000  s c a l e s ,  t h e  g e o b o tan ica l  anomaly,  
p rov id ing  t h e  s u r f a c e  e x p r e s s i o n  o f  th e  Dugald River l e a d - z i n c  lo d e ,  
produces a d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e  on a l l  fo u r  f i l m s  used in th e  
m u l t i s p e c t r a l  s en s in g  programme. However, the  d i s t r i b u t i o n  o f  n a t u r a l  
v e g e t a t i o n  u n i t s ,  and in  p a r t i c u l a r  t h e  geo b o ta n ic a l  anomaly,  were most 
c l e a r l y  d e f in e d  a t  the  s c a l e  o f  1 :15 ,000  on i n f r a - r e d  c o lo u r  pho tography 
(P la t e  11) .
4.1 .1  Recogn i t ion  and i n t e r p r e t a t i o n  o f  th e  s p e c t r a l  s i g n a t u r e s  d i s p la y e d  
on th e  f a l s e  c o l o u r  i n f r a - r e d  photography
The s p e c t r a l  u n i t s  d i s t i n g u i s h e d  w i t h i n  th e  in d i v id u a l  frames o f  
f i lm  3 3 , c o v e r in g  the  f u l l  e x t e n t  o f  the  lode and a small a r e a  to  the
north  o f  Acacia  Creek where th e  c o n t i n u a t i o n  o f  m i n e r a l i z a t i o n  i s  r e v e a le d
in the v e g e t a t i o n ,  a re  shown in F ig s .  10,  12, 14 and 16. Frame 117 
(Fig. 10) i n c lu d e s  the  so u th e rn  p o r t i o n  o f  th e  lode o c c u r r i n g  to  the  
south o f  S i l vermine Creek ,  w h i l s t  frames 115,  114 and 113 (F ig s .  12, 14
and 16) ,  having a 60% s t e r e o s c o p i c  o v e r l a p ,  cover  the  n o r th e rn  lode
e x tens ion  t o  the  south  o f  Acacia Creek.  Although f r e q u e n t l y  twenty  to  over 
t h i r t y  i n d i v i d u a l  s p e c t r a l  u n i t s  may be r e c o g n i se d  w i th i n  one frame,  even
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t h i s  r e p r e s e n t s  some s i m p l i f i c a t i o n  o f  the  a c tu a l  complex p i c t u r e ,  f o r  
un i t s  a r e  on ly  i n t e r p r e t e d  a t  t h i s  s c a l e  where they  a r e  s u f f i c i e n t l y
la rge  to  be r e p r e s e n t e d .
On a l l  f o u r  frames the  s p e c t r a l  s i g n a t u r e  (1) o f  th e  g e o b o t a n i c a l l y  
anomalous p l a n t  community, c o i n c i d e n t  with  th e  m in e ra l i z e d  zone ,  and
dominated by Eviachne mucvonata  and Eolyccœvaea glabra  i s  b lue  green 
(1230 + 123C) w ith  g e n e r a l l y  a f i n e  and smooth t e x t u r e .  Both s p e c i e s  
have very  s m a l l ,  narrow g re y -g re e n  l e a v e s ,  Polyoarpaea glabra  a l s o  having 
sm al l ,  rounded ,  w hite  f l o w e r s ,  and a r e  w ide ly  spaced over  the  g r a p h i t i c  
sha le  h o s t  rock o f  the  lo d e .  B u lb o s ty l is  barbata  and F im b r is ty l is  sp. af f .  
F. dichotoma  a re  s u b s i d i a r y  s p e c i e s  w h i l s t  Tephrosia purpurea var. a x i l l a r i s  
and A r is t id a  browniana  a re  d i s t r i b u t e d  mainly  on the  p e r ip h e r y  o f  the 
community. The i n d i c a t o r  p l a n t  s p e c i e s  a re  too  small to  be i n d i v i d u a l l y  
reso lved  a t  t h i s  s c a l e  and c o n s e q u e n t ly  the  r e s u l t a n t  s p e c t r a l  s i g n a t u r e  
is  comprised o f  a combination  o f  weak i n f r a - r e d  r e f l e c t a n c e  from 
ve g e t a t i o n  and bare  ground.
The s p e c t r a l  s i g n a t u r e  o f  t h e  anomalous p l a n t  community c o n t r a s t s  
sharp ly  w i th  a l l  o t h e r  s p e c t r a l  u n i t s  and has a c l e a r l y  d e f in e d  n o r th -  
south o r i e n t a t i o n ,  c u t t i n g  a c r o s s  the  mosaic of  o t h e r  s i g n a t u r e s  which 
r e f l e c t  the  complex v e g e t a t i o n - s o i 1-geomorphology p a t t e r n s  o f  the  
ad jacen t  a r e a s .  Although no t r e e s  o r  shrubs  occur  over  th e  m i n e r a l i z e d  
bedrock.  Eucalyptus te rm in a lis  i s  commonly found on the  p e r ip h e r y  o f  
the anomalous p l a n t  community and may f r e q u e n t l y  be i d e n t i f i e d  on co lo u r  
i n f r a - r e d  imagery from the  b r i g h t  pink s i g n a t u r e  (65D) produced by l a rg e  
crowns of  well  developed  s p e c i e s .
The s p e c t r a l  s i g n a t u r e s  o f  a r e a s  u s u a l l y  c o n s i s t i n g  o f  t h i n ,  sandy,  
s k e le t a l  s o i l s  over  s u r f a c e  or  n e a r  s u r f a c e  bedrock ,  whose ground
76
E. a r g i l l a c e a  -  
T r i o d i a  pungens 
a s s o c i a t i o n
f o l  rv^-
b r e v i f o l i a  
T r i o d i a  pungens 
a s s o c i a t i o n  
8
Lode assemblage
PLATE 11. The Dugald River Iode anomalous plant community, dominated 
by Eriaohne muaronota and Polyoarpaea g la b ra , as seen from 
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PLATE n .  The Dugald River  Iode anomalous p l a n t  community, dominated 
by Eriaohne mucronata and Polyoarpaea g la b ra , as seen from 
the  ground and on the f a l s e  co lour  i n f r a - r e d  imagery.
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v e g e t a t i o n  i s  c h a r a c t e r i s e d  by Triod ia  pungens^ a re  predominan tly  dark 
b lue .  On the  e a s t e r n  s ide  o f  the  lode zone,  t h i s  s p e c ie s  occurs  on a 
n o r th - s o u th  ou tc rop  of  well  bedded,  b lack  a r g i l l a c e o u s  l im es tone  which,  
t o g e t h e r  w i th  the  bare a r e a s  o f  s k e l e t a l ,  dark brown s o i l ,  produces  a 
very dark  b lue  (1160) s i g n a t u r e  o f  s p e c t r a l  u n i t  8 . This  s p e c t r a l  
s i g n a t u r e  i s  very  prominent  and dark toned on i n f r a - r e d  imagery due to  
the c o n t r i b u t i o n  o f  r e f l e c t a n c e  recorded  from b lack  exposed rock s u r f a c e s  
and a r e a s  o f  bare  s o i l .  The dominance o f  the  anomalous p l a n t  community 
s p e c t r a l  s i g n a t u r e  w i th in  the  in d iv id u a l  frames i s  in p a r t  due to  the  
s t rong  c o n t r a s t  between i t  and the  a d j a c e n t  dar*k to nes  o f  s p e c t r a l  u n i t  
8 produced by the  a r g i l l a c e o u s  l im es to n e .  However, when abundant  and c l o s e l y  
spaced in  the  ground l a y e r  v e g e t a t i o n ,  Triod ia  pungens  a l s o  produces  a 
dark b lue s i g n a t u r e ,  u s u a l l y  with  a c h a r a c t e r i s t i c  rough t e x t u r e .  Although 
the exposure o f  b lack  a r g i l l a c e o u s  l im es tone  o c c u r r in g  in s p e c t r a l  u n i t  8 
r e s u l t s  in a s l i g h t l y  d a rk e r  t o n e ,  i t  i s  no t  f e a s i b l e  t o  d i s t i n g u i s h  
two s e p a r a t e  s i g n a t u r e  u n i t s ,  as  the  tona l  d i f f e r e n c e  i s  small and 
d i f f i c u l t  t o  match with the  c o lo u r  key and the  ground v e g e t a t i o n  i s  
s i m i l a r l y  dominated by T riod ia  pungens  in both a r e a s .  Within th e s e  dark 
blue toned  s p e c t r a l  u n i t s ,  the  i n f r a - r e d  r e f l e c t a n c e  o f  Eucalyptus  t r e e s  
was only  weak prov id ing  an i n s i g n i f i c a n t  c o n t r i b u t i o n  to  the  f i n a l  
s i g n a t u r e .
The d i f f e r e n c e  in tone and t e x t u r e  between the  v a r io u s  Triodia  
pungens  s i g n a t u r e s  i s  r e l a t e d  to  the  vary ing  o e n s i t y  o f  the  s p e c i e s  and 
f r e q u e n t l y  the  percen tage  cover  which occurs  in combination with  rock 
ou tc ro p ,  bare  ground and the  p reva lence  o f  Eucalyptus sp,  t r e e s  and s h ru b s ,  
( s p e c t r a l  u n i t s  8 , 9, 10, 12, 13, 14 and 15).  This i s  p a r t i c u l a r l y  
n o t i c e a b l e  west  o f  the lode ,  to  the  sou th  o f  S i l vermine Creek (F ig .  10).
The s p e c ie s  a l s o  forms a dense ground l a y e r  in d i s s e c t e d  t e r r a i n  f l a n k i n g  
creeks  where i t  i s  commonly found beneath  a shrub laye^  o f  Acacia  
cnisholm ii  ( s p e c t r a l  u n i t  14) o r  more r a r e l y  a v a r i e d  shrub l a y e r  o f
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dominantly  Acacia  and Eremophila spp.  ( s p e c t r a l  u n i t  15) .  In both cases  
the form and n a tu re  o f  th'<s tough ,  r e s i n o u s ,  g ra s s  s p e c ie s  i s  r e s p o n s i b l e  
f o r  poor i n f r a - r e d  r e f l e c t a n c e  and dark b lue tones .  Many o f  the  d a rk e r  
tones w i th i n  t h e s e  s p e c t r a l  u n i t s  a re  r e l a t e d  to  a rea s  o f  shadow and 
bare  ground a s s o c i a t e d  wi th the  s t e e p  banks and g u l l i e s  p r e v a l e n t  in 
a rea s  o f  a c t i v e  e r o s io n .
The b lue green s i g n a t u r e s  o f  T riodia  pungens  c o n t r a s t  s h a r p ly  wi th 
the  p resence  o f  a p ink ,  r e d ,  r e d d i s h  pu rp le  o r  v i o l e t  e lement in the  
s p e c t r a l  s i g n a t u r e s  o f  a l l  o t h e r  g r a s s e s  which occupy a re a s  o f  covered  
ground.  These s o f t  g rass  s p e c i e s  a re  prominent  on th e  deeper  a r i d  red 
e a r t h  s o i l s  o f  f l a t  e x t e n s i v e  i n t e r f l u v e s  which occur both to  e a s t  and 
west  o f  the  lode zone a t  the  f o o t  of  the  b e l t  o f  h ighe r  ground c h a r a c t e r ­
i sed  by T riod ia  pungens.  The very  marked c o n t r a s t  between the  s p e c t r a l  
s i g n a t u r e s  o f  the  covered ground and a re a s  o f  t h i n  and s k e l e t a l  s o i l s  i s  
e s p e c i a l l y  e v i d e n t  where th e  sequence o f  bedded l im es tones  forms a 
boundary with  tne  leve l  t e r r a i n  to  the  e a s t  o f  the  lode zone (F ig .  12).
Within th e se  a re a s  o f  covered ground,  i n d iv id u a l  g ra s s  s p e c i e s  may 
be i d e n t i f i e d  by t h e i r  unique s p e c t r a l  s i g n a t u r e s  on the  l e v e l  i n t e r f l u v e s  
composed o f  r e d ,  sandy c l a y  loams over  mixed r e s id u a l  and c o l l u v i a l  
m a t e r i a l .  Enneapogon polyphyll.us  produces a red  purp le  (65C) s i g n a t u r e  
( s p e c t r a l  u n i t  4) when i t  forms a r e l a t i v e l y  dense ground l a y e r ,  bu t  i s  
more commonly found in spa r se  d i s t r i b u t i o n s  whose l i g h t e r  red pu rp le  (69D) 
tone i s  combined with  the  blue green (123D) of  bare ground in s p e c t r a l  
u n i t  5. Eriachne dominii  has a c h a r a c t e r i s t i c  red pu rp le  (63C) s i g n a t u r e  
( s p e c t r a l  u n i t  3) and Sporoholus au s tra la s icu s  ( s p e c t r a l  u n i t  2) v i o l e t  
(87D), a l though  when t h i s  s p e c i e s  i s  combined with Enneapogon po lyph yllu s  
( s p e c t r a l  u n i t  6 ) ,  a greyed pu rp le  (I860) s ig n a t u r e  i s  produced.  A r is t id a  
contorta  ( s p e c t r a l  u n i t  7 ) ,  which i s  dominant only in small a r e a s ,  produces  
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Cenchrus permise t i fo rm is  ( s p e c t r a l  u n i t  24) i s  c h a r a c t e r i s e d  by a red 
purp le  (52C) s i g n a t u r e .
The number and d e n s i t y  o f  g ras s  s p e c ie s  on th e se  i n t e r f l u v e  a r e a s  
v a r i e s  w ith  s o i l  c o n d i t i o n s  and a v a i l a b i l i t y  o f  m o is tu re .  In the  south 
(Fig .  10) ,  t o  the  e a s t  o f  the  lode zone,  bare  ground c o n s t i t u t e s  a c o n s i d e r ­
ab le  p ro p o r t i o n  of  the  combined s p e c t r a l  s i g n a t u r e  u n i t s ,  w h i l s t  in the  
nor th  (F ig .  16) ,  the  f requency o f  combined s i g n a t u r e  u n i t s  r e f l e c t s  the 
g r e a t e r  number o f  g ras s  s p ec ie s  and t h e i r  complexity o f  d i s t r i b u t i o n .
Areas l o c a t e d  between the  s k e l e t a l  s o i l s  over  near  s u r f a c e  bedrock and the  
sandy c l a y  loams o f  covered ground are  c h a r a c t e r i s e d  by a combination o f  
red pu rp le  and blue green s i g n a t u r e s  where T riodia  pungens  and Enneapogon 
polyphyllus  are  co-dominant ,  ( s p e c t r a l  u n i t  11). This  i s  e s p e c i a l l y  e v i d e n t  
on a s m a l l ,  rounded,  oval h i l l  formed by ou tc ropping  l im es tone  agg lom era te ,  
s i t u a t e d  immediate ly  t o  the south  o f  Acacia Creek,  a d j a c e n t  t o  th e  
sequence o f  bedded a r g i l l a c e o u s  l imes tone  (F ig s .  14 and 16).
The s p e c t r a l  s i g n a t u r e s  produced by bare  ground and rock o u tc rops  
vary with  the  n a t u r e  o f  the  s u r f a c e  m a t e r i a l .  Black s h a le  o u t c ro p s ,  
a s s o c i a t e d  with the  wes tern  l o d e ,  produce a b lue green (123D) s i g n a t u r e  
( s p e c t r a l  u n i t  19 ) ,  f o r  the  i n f r a - r e d  r e f l e c t i o n  o f f  exposed rock and 
so i l  s u r f a c e s  i s  dominant over the very spa r se  d i s t r i b u t i o n  o f  s u r f a c e  
v e g e ta t i o n  (F ig s .  12 and 14) .  However, in the  s o u th ,  micaceous grey 
s h a l e s ,  a d j a c e n t  to the lode zone (F ig .  10) ,  produce a l i g h t e r  b lue 
green tone which f r e q u e n t l y  merges i n t o  whi te (155D). All th e se  
s ig n a t u r e s  produced by bare c a l c - s i l i c a t e  rock s u r f a c e s  a re  i n t e r p r e t e d  
as s p e c t r a l  u n i t  19. Quartz rubb le  veneer ( s p e c t r a l  u n i t  18 ) ,  on an 
o the rw ise  bare  s u r f a c e ,  produces a blue green (123C) s i g n a t u r e  and i s  
u s u a l ly  found on the  s k e l e t a l  s o i l s  developed over  near  s u r f a c e  bedrock.
In c o n t r a s t ,  the  bare  s o i l  s u r f a c e s  a s s o c i a t e d  with  the  a r i d  red e a r t h s
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I and covered ground produce whi te  ( s p e c t r a l  u n i t  16) and very l i g h t  b lue
I green ( s p e c t r a l  u n i t  17) toned s i g n a t u r e s .  As bare ground i s  o f ten
ev id e n t  when the d i s t r i b u t i o n  o f  one o r  more g ra s s  s p e c ie s  i s  s p a r s e ,  
the bare ground s i g n a t u r e s  occur  f r e q u e n t l y  in combined s p e c t r a l  
s ig n a t u r e  u n i t s  (F ig .  10).
S i l vermine and Acacia Creeks are  l i n e d  by g a l l e r i e s  o f  t r e e s  and 
shrubs where Eucalyptus camuldulensis  and T ris tan ia  gron d if lo ra  are  
dominant ,  producing a red pu rp le  ( 68C) s ig n a t u r e  ( s p e c t r a l  u n i t  20) .
Bare ground and a v a r ie d  ground l a y e r  v eg e ta t io n  are  r e s p o n s i b l e  f o r  
blue green (1230) and white (1550) s i g n a t u r e  elements which a d d i t i o n a l l y  
c o n t r i b u t e  to  t h i s  s p e c t r a l  u n i t .  To the no r th  o f  the  lode zone (F ig s .  
14 and 16) ,  a t r i b u t a r y  o f  Acacia Creek is  c h a r a c t e r i s e d  by dominan tly  
Eucalyptus te rm in a lis  t r e e s  growing over  a shrub l a y e r  o f  Tephrosia  
purpurea veer, axillccris  and Acacia chisholm ii  which produces th e  
d i s t i n c t i v e  red pu rp le  s i g n a t u r e  o f  s p e c t r a l  u n i t  21. Combined s p e c t r a l  
s i g n a t u r e  u n i t s  a re  mapped f o r  a re a s  where s u r f a c e  s i g n a t u r e  elements  
a re recogn i sed  and i n t e r p r e t e d  bu t  in themselves  a re  too small to  be 
i n d i v i d u a l l y  mapped ou t  a t  t h i s  s c a l e .  F re q u e n t ly ,  however,  d i s t i n c t  
combined s p e c t r a l  s i g n a t u r e  u n i t s  may be recognised  and i n t e r p r e t e d  by 
t h e i r  c h a r a c t e r i s t i c  photo p a t t e r n  which i s  comprised of  the  s p a t i a l  
r e l a t i o n s h i p ,  tone  and t e x t u r e  o f  the  c o n s t i t u e n t  e lements .
Using ground t r u t h  in fo rm a t ion  in F igs .  11, 13, 15 and 17,  the  
complexity o f  s p e c t r a l  u n i t s  i s  s i m p l i f i e d  by grouping s i g n a t u r e s  
dominated by in d i v id u a l  sp e c ie s  such as T riodia  pungens  ( s p e c t r a l  u n i t s  
9 and 10) ,  T riod ia  pimgens  with a common occurrence  of  Eucalyptus  t r e e  
spec ie s  ( s p e c t r a l  Units  8 , 12 and 13) ,  T riodia  pungens  with  Acacia 
chisholmii  and o t h e r  shrub s p e c ie s  ( s p e c t r a l  u n i t s  14 and 15) or  by 
bare ground ( s p e c t r a l  u n i t s  16, 17, 18 and 19).  Where t h e r e  i s  an 
in c re as e  in the  number o f  s p e c t i a l  u n i t s  o ccu r r in g  in the  key o f  the
8 8
s i m p l i f i e d  s p e c t r a l  s i g n a t u r e  map (F ig .  11) ,  i t  i s  r e l a t e d  to  the  e l i m i n a ­
t i o n  o f  the  o r i g i n a l  combined s p e c t r a l  u n i t s  and the  reg rouping  o f  the  
s i g n a t u r e s  c o n ta in ed  w i th in  them.
4 . 1 .2  I n t e r p r e t a t i o n  o f  i n e d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  and 
v e g e t a t i o n  u n i t s  in r e l a t i o n  to envi ronmental  paramete rs
The r e l a t i o n s h i p  between the  s p e c t r a l  s i g n a t u r e s  i n t e r p r e t e d  on the  
co lou r  i n f r a - r e d  pho tography ,  the  d i s t r i b u t i o n  o f  v e g e t a t i o n  u n i t s  and the  
c o n t r o l l i n g  i n f l u e n c e s  o f  the  phys ica l  environment were i n v e s t i g a t e d  by 
s p ec ie s  f requency  reco rd in g  and s o i l  and p l a n t  sampling undertaken  along 
s eve ra l  t r a n s e c t s  o r i e n t a t e d  from e a s t  to  west  ac ros s  the  g e o lo g ic a l  
s t r i k e  (F ig s .  18 and 19).
The c l o s e  r e l a t i o n s h i p  e x i s t i n g  between the  i n f r a - r e d  s p e c t r a l  
s i g n a t u r e  u n i t s ,  p l a n t  communit ies and v e g e t a t i o n  a s s o c i a t i o n s  i s  
confirmed by the  f requency  d i s t r i b u t i o n  of  p l a n t  s p e c ie s  reco rded  along 
t r a n s e c t s  23,  19 and 24 (F ig s .  20, 31 and 47) .  Changes in tone  o f  the  
dark b lue t o  b lue green s p e c t r a l  s i g n a t u r e s  o f  a re a s  dominated by Triod ia  
pungens a re  r e l a t e d  to  the  vary ing  d i s t r i b u t i o n s  of  v e g e t a t i o n  cover  and 
d e n s i t i e s  o f  p l a n t  growth,  which in t u rn  are  i n f lu e n c e d  by the  under ly ing  
geology,  s o i l  cover and loca l  geomorphology. F requen t ly  th e  i n f r a - r e d  
r e f l e c t a n c e  from bare  ground and exposed rock s u r f a c e s ,  d i s t r i b u t e d  
between the  s u r f a c e  v e g e t a t i o n ,  and o f t e n  no t  d i s t i n g u i s h a b l e  from i t  
on the  f i n a l  iiiiagery, i s  s i g n i f i c a n t  in de te rmin ing  th e  tone o f  the  
recogn ised  s p e c t r a l  s i g n a t u r e .  In t h i s  r e s p e c t  the  d i s t r i b u t i o n  of  
s p e c t r a l  s i g n a t u r e  u n i t s  i s  s i m i l a r l y  i n f lu e n c e d  by the  d i s p o s i t i o n  o f  the  
under ly ing  geology and cover ing  s o i l s .
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West o f  the  lode zone,  th e  micaceous grey  sha le s  and s i l i c e o u s  grey 
sha ly  muds tones,  c h a r a c t e r i s e d  by t h i n ,  s k e l e t a l  s o i l s ,  form the  r a i s e d  
ground o f  the  Dugald River  lode r i d g e .  The blue  green s i g n a t u r e s ,  i n t e r ­
p re te d  f o r  t h i s  a r e a ,  r e f l e c t  t h e  vary ing  d e n s i t y  of  the  Eucalyptus 
h r e v i f o l ia  -  T r iod ia  pungens  v e g e t a t i o n  cover which i s  suppor ted  on the  
t h i n ,  a c id  s o i l s .  The d a rk e r  blue green s ig n a t u r e  o f  s p e c t r a l  u n i t  8 
occurs  where Triod ia  pungens  grows t h i c k l y  on s k e l e t a l ,  sandy s o i l s  over 
near  s u r f a c e  o u tc rops  o f  bedrock ,  w h i l s t  th e  l i g h t e r  b lue  green 
s ig n a t u r e s  of  s p e c t r a l  u n i t s  9 ,  10, 12 and 13 r e f l e c t  the  c o n t r a s t i n g ,  
more wide ly  spaced ,  d i s t r i b u t i o n s  o f  t h i s  s p e c ie s  where i t  occurs  on the  
v a r ie d  and o f t e n  deeper s o i l s  developed over c o l l u v i a l  m a t e r i a l .
On the  lower ground to  th e  e a s t  o f  the  lode zone,  the  dark blue 
green s i g n a t u r e  o f  s p e c t r a l  u n i t  8 i s  r e l a t e d  to  the  combined r e f l e c t a n c e  
o f  the ou tc rop  o f  a r g i l l a c e o u s  l imes tone  and the  r e l a t i v e l y  dense ground 
v e g e t a t i o n  cover  of  T riod ia  pungens.  This s p e c t r a l  u n i t  i s  c o n s i s t e n t  
with th e  Eucalyptus argillacea:, E. t e r m in a l i s A c a c ia  chisholmii^ Triod ia  
pungens  a s s o c i a t i o n  which i s  i n d i c a t i v e  of  the  c a l c a r e o u s  s o i l  env ironment 
found over  the  l imes tone  a r e a s .  The c o n t r a s t  between the  s i l i c e o u s  and 
c a l ca reo u s  s o i l  env i ronm ents ,  as  rev ea led  in th e  s p e c t r a l  s i g n a t u r e s  
produced by the  c h a r a c t e r i s t i c  v e g e t a t i o n  a s s o c i a t i o n s ,  i s  conf irmed by 
the frequency  d i s t r i b u t i o n  o f  p^an t  s p e c ie s  recorded  along th e  t r a n s e c t s  
(F igs .  20,  31 and 47) .  The percen tage  cover  o f  T riodia  pungens  i s  h ighe r  
over the  l im es tone  where the c a l c a r e o u s  s o i l s  a re  a l s o  seen to  s uppor t  a 
g r e a t e r  v a r i e t y  o f  sp ec ie s  such as Boerhaavia diffusa^ Heliotropium spp.  ^
P t i lo tu s  obovatuSj Gomphrena conica^ Eriachne c i l ia ta ^  Enneapogon 
polyphyllus^ Sporoholus au s tra lasicu s  e t c  as compared to  on ly  Triod ia  
pungens and Enneapogon po lyphyllus  over the  s i l i c e o u s  s o i l s .
To e a s t  and west  i,f tfie r a i s e d  ground,  the  r e d ,  p in k ,  r e d d i s h  pu rp le  
or  v i o l e t  tones  o f  the  s p e c t r a l  s i g n a t u r e s  produced by s o f t  n - a s s e s  a r e
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DUGALD RIVER LODE SOUTH CREEK 
TRANSECT 23 GEOBOTANY
•  Eucalyptus terminalis 
O Eucalyptus brevifoHa 
® Eucalyptus argillacea 
e  Eucalyptus papuana
m Acacia retivenea *  Eremophila longifolia
a  Acacia coriaceae +  Grevillea mimosoides
□ Acacia chisholmii b. Clerodendron floribundum
A Tephrosia purpurea var. axillaris
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□  Schists
FIGURE 20 P l a n t  spec ie s  frequency d i s t r i b u t i o n  in r e l a t i o n  to su r f a c e  
s o i l  geochem is t ry , r e l i e f  and geology along t r a n s e c t  23
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C O P P E R  C O N T E N T  O F  P L A N T S
EUCALYPTUS ARO'.LLRCEB i i m i s
e u c a l y p t u s  RROTLLBCEA i . ics
EUCALYPTUS BR EV IFO H A r .u iu
EUCALYPTUS BR EV IFO H A u«,es
J  a  «  C .  a  a o  I 3
EUCALYPTUS BR EVIFO LIA i. ic s
EUCALYPTUS PAPUANA r.u iis
EUCALYPTUS PAPUANA it« « s
EUCALYPTUS PAPUANA iiiios
J   a
EUCALYPTUS TERMINALIS f«uns
EUCALYPTUS t e r m in a l is  Lt»i£S
EUCALYPTUS TERM INALIS '» ics
DO i
ACACIA C HISHOLM II lsr. es
-L I -
ACACIA CHISHOLMII i.ios
GREVILLEA MIMASOIDES ir» « 5
GREVILLEA MIMASOIBES t-ios
c r o t a l a r ia  NOVAE-HOLLANDIAE ifR .ts  8»o s ti-s
FIGURE 21
The copper  c o n te n t  
o f  the  p l a n t  t i s s u e
o f  s e l e c t e d  s p e c ie s
sampled a long
t r a n s e c t  23 in
r e l a t i o n  to the
geochem is t ry  o f
th e  s u r f a c e  s o i l
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FIGURE 22
The c o b a l t  c o n t e n t  o f  the  
p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c ie s  sampled along 
t r a n s e c t  23 in r e l a t i o n  to 
the  geochemis t ry  o f  the  
s u r f a c e  s o i l
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FIGURE 23
The z inc  c o n t e n t  of  
the p l a n t  t i s s u e  of 
s e l e c t e d  s p ec ie s  
sampled along 
t r a n s e c t  23 in 
r e l a t i o n  to  the  
geochemis try  o f  the 
s u r f a c e  s o i l
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HGURE 27 The c o b a l t  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  s p e c ie s  
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FIGURE 29 The l e a d  c o n t e n t  o f  t h e  p l a n t  t i s s u e  o f  s e l e c t e d  s p e c i e s  
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FIGURE 30 The i ro n  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  s p ec ie s  
sampled along t r a n s e c t  5 in r e l a t i o n  to the  geochemis try  
o f  th e  s u r f a c e  so i l
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c h a r a c t e r i s t i c  o f  the  c o n t r a s t i n g  i n t e r f l u v i a l ,  leve l  a r e a s  o f  covered 
ground, which c o n s i s t  o f  r e d ,  sandy c lay  loams developed over mixed 
c o l lu v ia l  and r e s i d u a l  m a t e r i a l .  The red toned s ig n a t u r e s  o f  i n d iv id u a l  
grass  s p e c ie s  such as Erïachne domini'i ( s p e c t r a l  u n i t  3 ) ,  Sporoholus 
ccustralasieus  ( s p e c t r a l  u n i t  2) and A ris tid a  contovto,  ( s p e c t r a l  u n i t  7) 
commonly occur  in c e n t r a l  a r e a s  o f  th e  i n t e r f l u v e s  where the c l a y  c o n te n t  
in the  s o i l  i s  h ig h e r  and s o i l  m ois tu re  i s  more r e a d i l y  a v a i l a b l e  due to  
the longer  r e t e n t i o n  o f  s u r f a c e  water  in such a reas  a f t e r  the  wet season .
Within t h e s e  a r e a s  Ermeapogon po lyph yllu s  can be i n t e r p r e t e d  where 
i t  i s  dominant  in the  ground l a y e r  by i t s  d i s t i n c t  red pu rp le  s i g n a t u r e  
( s p e c t r a l  u n i t  4 ) .  However, th e  spec ie s  has a more widespread d i s t r i b u t i o n  
over the le ve l  i n t e r f l u v e s  where i t  forms a spa rse  ground cover  ( s p e c t r a l  
un i t  5) on th e  t h i n n e r ,  s a n d i e r  s o i l s  surrounding a rea s  c h a r a c t e r i s e d  by 
s o i l s  o f  h ig h e r  c l a y  and m o is tu re  c o n te n t .  Consequently s p e c t r a l  u n i t  5 
is  f r e q u e n t l y  l o c a t e d  a d j a c e n t  to  l i n e s  of  d ra inage  and a re a s  o f  a c t i v e  
e ros ion .  This  s i g n a t u r e  i s  composed o f  i n f r a - r e d  r e f l e c t i o n  from the  
sparse p l a n t  canopy and i n t e r s t i t i a l  a r ea s  o f  bare ground where a 
c h a r a c t e r i s t i c  s u r f a c e  venee r  of  q u a r t z  gravel  f r e q u e n t l y  c o n t r i b u t e s  
to the w h i t i s h  b lue green tone  o f  the  s p e c t r a l  u n i t  i n t e r p r e t e d  from the 
in f r a - r e d  c o lo u r  pho tography .
A s i m i l a r  bu t  d a r k e r  toned s ig n a t u r e  i s  produced in s p e c t r a l  u n i t  
11 where Ermeapogon p o lyp h y llu s  i s  co-dominant with Triod ia  pungens in 
the ground v e g e t a t i o n  which commonly occurs  over ou tc rops  o f  l im es tone  
agglomerate and on th e  more sandy s o i l s  o f  i n t e r f l u v e s  where the  c a l c -  
s i l i c a t e  bedrock i s  n ea r  to _ th e  s u r f a c e .  This  s p e c t r a l  u n i t  a l s o  occurs  
where the  s o i l s  become deeper  and the  dominant blue s i g n a t u r e  o f  T riod ia  
pungens becomes i n t e r s p e r s e d  and o c c a s i o n a l l y  almost  r ep laced  by the  red 
purple s i g n a t u r e  o f  Enneapogon po lyp h y llu s .  Areas o f  bare ground a re
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commonly found on the  leve l  i n t e r f l u v e s  as the  ground v e g e t a t i o n  cover 
f r e q u e n t ly  d i e s  o f f  due t o  lack  of  s o i l  m o is tu re .  In such a r e a s  the  white 
s ig n a tu re  o f  s p e c t r a l  u n i t  16 i s  a s s o c i a t e d  with the  i n f r a - r e d  r e f l e c t i o n  
recorded from exposures  o f  b a r e , r e d  s o i l ,  w h i l s t  the  l i g h t  b lue  green o f  
sp ec t r a l  u n i t  18 i s  recorded  wherever t h e r e  i s  a prominent veneer o f  
quar tz  rubb le  r e v e a le d  on the  ground s u r f a c e .  The blue green s ig n a t u r e  
of  s p e c t r a l  u n i t  17 f r e q u e n t l y  occurs  where bare  ground has been c r e a t e d  by 
the a c t i o n  o f  widespread  e r o s i o n .
The r e d ,  red pu rp le  and v i o l e t  s i g n a t u r e s ,  c h a r a c t e r i s t i c  o f  the  
Eucalyptus argillaeea:, E. tevm inalis^ Eriachne dom inii, Sporobolus 
au stra lasiou s  a s s o c i a t i o n  and covered ground,  a re  rep laced  in the  no r th  
west o f  the  a r e a  (F ig s .  16 and 17) where fans  o f  q u a r t z i t e  m a t e r i a l ,  
descending from the  Knapdale q u a r t z i t e  range ,  s uppo r t ,  on t h i n  ac id  s o i l s ,  
an a s s o c i a t i o n  of  Eucalyptus h r e v ifo l ia  '•Triodia pungens which i s  r evea led  
on the c o lo u r  i n f r a - r e d  imagery by th e  c o n t r a s t i n g  blue green toned s p e c t r a l  
s igna tu re  un it s . .  Although t r a n s e c t s  23,  19 and 24 a re  no t  ex tended i n t o  
areas o f  covered ground,  e x t r a p o l a t i o n s  from the  frequency d i s t r i b u t i o n  
of p l a n t  s p e c ie s  e l a b o r a t i n g  th e  composit ion  o f  the  p l a n t  cover  c o n t r i b u t i n g  
to the  s p e c t r a l  s i g n a t u r e s ,  confirms the  i n t e r p r e t a t i o n s  made from the  
i n f r a - r e d  pho tography .
The p l a n t  f requency  r e co rd in g  on t r a n s e c t  19, however, was c a r r i e d  
out in 1972 and 'che bare  ground o f  s p e c t r a l  u n i t  18, p r e s e n t  on the  
ground and r eco rded  on the  imagery in 1971, i s  now seen to  suppor t  a spa rse  
d i s t r i b u t i o n  of  T riod ia  pungens  and Enneapogon po lyph yllu s  ( F i g . 31).
Within the  v i c i n i t y  o f  the  Dugald River  lode ,  the  i n f r a - r e d  s p e c t r a l  
s igna tu res  a r e  r e l a t e d  t o  the  s p e c ie s  composit ion  o f  v e g e t a t i o n  u n i t s  
whose d i s t r i b u t i o n  i s  mainly  in f lu en ced  by geology,  s o i l s  and loca l  
geomorphology c o n t r o l l i n g  s o i l  m o i s tu re .  The most s t r i k i n g  r e l a t i o n s h i p
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between the d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s ,  v eg e ta t io n  u n i t s  and 
the phys ica l  envi ronm ent however, i s  r evea led  over the  m in e ra l i z e d  t e r r a i n  
of  the  lode zone.
North o f  S i l vermine Creek,  the  f requency  d i s t r i b u t i o n  o f  p l a n t  s p ec ie s  
along t r a n s e c t s  19 and 24 (F ig s .  31 and 4 7 ) ,  reveal  t h a t  r ep lacement of  
the blue green s p e c t r a l  s i g n a t u r e  u n i t s  o f  Eucalyptus -  T rio d ia  pungens 
a s s o c i a t i o n s  over  th e  lode and foo tw a l l  rocks by the unique s i g n a t u r e  
a s s o c ia t e d  with  the  p l a n t  community dominated by Eriachne mucronata  and 
Polycarpaea glabra^  i s  c o i n c i d e n t  with  anomalous, high lead  and z in c  l e v e l s  
in  the s u r f a c e  soi 1 .
On t r a n s e c t  19 (F ig .  31 ) ,  Eriachne mucronata  ach ieves  i t s  h ig h e s t  
percentage cover over  the  main peak in lead  v a lu e s ,  which occurs  a t  
the c o n t a c t  o f  the  lode ou tc rop  and the  foo tw all  s h a l e s ,  w h i l s t  
Polycccrpaea glahra  i s  dominant over the  main peak in z inc  va lues  t o  the  
ea s t .  The wide z in c  anomaly to  the  e a s t ,  r e s u l t i n g  from d ra ina ge  down- 
scarp from the  foo tw a l l  r i d g e ,  i s  a l s o  c h a r a c t e r i s e d  by the s p e c ie s  
B ulh ostylis bm^hataj F im b r is ty lis  sp. af f .  F. dichotoma  and A r is tid a  
bramiana.
Immediately to  th e  e a s t  o f  the  lode o u t c r o p E u l a l i a  fu lv a  and the 
pioneer s p e c i e s  C ro ta la ria  novae-hollandiae  occur on rocks o f  the  f o o t ­
wall r i d g e ,  w h i l s t  to  the  w e s t ,  the shrub Santalum lanceolatum  i s  lo c a te d  
on the p e r ip h e ry  o f  the  s o i l  anomaly. The boundary between the  hanging-wal l  
shales and the  s i l i c e o u s  sha ly  mudstones to  the  west i s  marked by a 
shallow, n o r t h - s o u th  l i n e  o f  d ra inage  a s s o c i a t e d  with a small c o b a l t  
anomaly in the  s u r f a c e  s o i l  and a dominant growth o f  A talaya hemiglauca 
t rees  whose d i s t r i b u t i o n  i s  p robably  r e l a t e d  to  the g r e a t e r  supply  o f  s o i l  
moisture.  S i g n i f i c a n t  i n c r e a s e s  o f  copper and c o b a l t  in the s u r f a c e  s o i l s  
over the  lode and s i l i c e o u s  ro c k s ,  ou tc ropp ing  to  the  west ,  c o n t r a s t  with
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FIGURE 31 P l a n t  spec ie s  f requency d i s t r i b u t i o n  in r e l a t i o n  to su r face  
s o i l  geochemis t ry ,  r e l i e f  and geology along t r a n s e c t  19
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FIGURE 32 The lead  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
spec ie s  sampled along t r a n s e c t  19 in r e l a t i o n  to 
the geochemis try  o f  the su r face  so i l
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FIGURE 33 The z i n c  c o n t e n t  o f  t h e  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c i e s  sampled a l o n g  t r a n s e c t  19 in r e l a t i o n  to  
t h e  g e o c h e m i s t r y  o f  t h e  s u r f a c e  s o i l
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FIGURE 34 The copper c o n te n t  o f  the  p l a n t  t i s s i o  o f  s e l e c t e d  
s p e c ie s  sampled along t r a n s e c t  19 in r e l a t i o n  to 
the geochemis try  o f  the su r face  so i l
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FIGURE 35 The c o b a l t  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp e c ie s  sampled along t r a n s e c t  19 in r e l a t i o n  to the
geochemist ry  of  the  su r fa c e  so i l  
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FIGURE 36 The i ron  co n te n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp e c ie s  sampled along t r a n s e c t  19 in r e l a t i o n  to
the geochemis try of  the  su r face  so i l
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FIGURE 37 The lead  co n te n t  of  the  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c ie s  sampled along t r a n s e c t  25 in r e l a t i o n  to 
the geochemis try  o f  th e  s u r face  so i l
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FIGURE 38 The zinc  c o n te n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp e c ie s  sampled along t r a n s e c t  25 in r e l a t i o n  to
the geochemis try  o f  the  su r face  s o i l
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FIGURE 39 The copper co n ten t  o f  The p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c i e s  sampled along t r a n s e c t  25 in r e l a t i o n  to 
the  geochemis try o f  the  su r fa c e  so i l
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FIGURE 40 The c o b a l t  co n te n t  o f  p l a n t  t i s s u e  of  s e l e c t e d
s p e c ie s  sampled along t r a n s e c t  20 in r e l a t i o n  to 
the geochemis try o f  the su r f ace  so i l
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FIGURE 41 The i ron  c o n te n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp e c ie s  sampled along t r a n s e c t  25 in r e l a t i o n  to  
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FIGURE 42 The lead  c o n te n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c ie s  sampled along t r a n s e c t  6 in r e l a t i o n  to 
th e  geochemis try  of  the  su r face  so i l
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FIGURE 43 The z inc  c o n t e n t  o f  the p l a n t  t i s s u e  o f  s e l e c t e d  
speu ics  sampled along t r a n s e c t  6 in r e l a t i o n  to 
the  geochemis try  o f  the s u r f ace  so i l
123
O U G R L O  R I V E R  L O D E
TRRNSECI NUMBER S
C O P P E R  C O N T E N T  O F  P L A N T S







EUCRLTPIUS RROIL .RCER mios
EUCRLTPIUS BR EVIFOLIA lc««5
CUCRLTFIUi BR EVIFOLIA i.ios




60 300 ]  [I
40 200 4 II ij
'""i.iiJlL
EUCRLTPIUS TERMINALIS '. lo s
EUCRLTPIUS TERMINALIS u « .i5
40 20 0  ■ n „  il













TEPHROSIA PURPUREA VAR. A X ILL A R IS  n u n s
TtPhROSIA PURPUREA VAR. A X ILL A R IS  i t x t s
413 200 j20 100 :
0 G -
40 2C1 ■'20 100 4
TEPHROSIA PURPUREA VAR. A X ILL A R IS  J ii.s
__________ li !
TRIOOIA PUNCENj1
40 200 ]20 100 I
0 0 -R-
40 200 - I
20 100 -I
0 0 ^ ------L
 !JLÎ JLL
ENNEAPOOON POLTPHTLLUS
e r ia c h n e  O O M IN Il
40 200
20 100 l . l j __
e r ia c h n e  m u c r o n a ta






BULBOSTTl IS  BARBATA
J POLTCARPAEA GLABRA .«uiis « «  « icrtts  
40 200 -j
20  100  -
40 200 '
100 4
.'ULfCQRPAEA GLABRA ic**cs ««






1 5 "  E
FIGURE 44 The copper con ten t  of  the  p l a n t  t i s s u e  o f  s e l e c t e d  
spyc ies  sampled along t r a n s e c t  6 in r e l a t i o n  to 
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FIGURE 45 The c o b a l t  c o n te n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp e c ie s  sampled along t r a n s e c t  6 in r e l a t i o n  to   ^
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FIGURE 46 The i ron  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp ec ie s  sampled along t r a n s e c t  6 in r e l a t i o n  t o '  
the geochemis try  o f  thn su r face  so i l
126
the h ig h e r  z inc  and lead  c o n c e n t r a t i o n s  d i s p e r s e d  from the lode and found 
in the e a s t e r n  su r f a c e  s o i l s  cover ing  the  outc rop  o f  c a l c a r e o u s  rocks .
• South o f  S i l vermine Creek,  the unique s ig n a t u r e  produced by the  
anomalous p l a n t  community i s  c o i n c i d e n t  with  anomalous,  high z inc  and 
copper l e v e l s  in the  su r f a c e  s o i l  and i s  most s t r o n g ly  developed over 
the hanging-wal l  (F ig .  20) .  North o f  S i l vermine Creek, the  s i g n a t u r e  
of th e  anomalous p l a n t  community i s  prominent  over the  lode and foo tw all  
zone and t h e r e f o r e  the c r o s s - o v e r  to the  hanging-wall  in the  south sugges ts  
t h a t  d i s t r i b u t i o n  i s  governed p r i m a r i l y  by lead  t o x i c i t y  over the  lode 
north  o f  S i l vermine Creek and by copper t o x i c i t y  over the  hanging-wal l
in the  south  with  the  c o n t e n t  o f  z inc  in the  su r fa c e  s o i l  being o f
secondary importance ( N ic o l l s  e t  al 1965).
The f requency  d i s t r i b u t i o n  o f  p l a n t  s p e c ie s  along t r a n s e c t  23 
(Fig. 20) s i g n i f i c a n t l y  r e v e a l s  the  g r e a t e r  growth of  T riod ia  pungens over 
the lode and foo tw al l  rocks where the  s u r f a c e  s o i l s  a r e  c h a r a c t e r i s e d  by 
high z in c  and moderate lead  v a l u e s ,  compared with  t h a t  over  the  hanging- 
wall rocks  whose s o i l s  a re  c h a r a c t e r i s e d  by modera te ly  high copper v a lu e s .  
Within th e  zone o f  anomalous s o i l  v a l u e s ,  T riod ia  pungens has a very
sparse d i s t r i b u t i o n  and where i t  o c c u r s ,  i s  u s u a l l y  found to be s tu n te d
or f r e q u e n t l y  dead.
Although the  s p e c t r a l  s i g n a t u r e  produced by the  anomalous p l a n t  
community i s  uniform th roughou t  i t s  l e n g t h ,  the  t r e e l e s s  p l a n t  assemblage 
is  comprised of  s eve ra l  p l a n t  s p e c i e s ,  in c lu d in g  Folycarpaea g labra ,
Eriachne mucronata, B u lh o sty lis  barbata , F im b ris ty lis  sp. af f .  F. dichotoma, 
and Tephrosia purpurea var. a x i l la r i s  which vary in t h e i r  r e l a t i v e  d i s t r i ­
bution and d e n s i t y  (F igs .  18 and 19).  The d i s t r i b u t i o n  of A r is tid a  
rrowniana  w ith in  the  lode zone,  as r e v ea led  in Fig.  19 and on t r a n s e c t  19 
(Fig.  31 ) ,  may p o s s i b l y  be r e l a t e d  to  the  occurrence  o f  high c o n c e n t r a t i o n s  
of metal w i th in  a c a l c a r e o u s  s o i l  envi ronment .
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figure 47 P lan t  spec ies  frequency d i s t r i b u t i o n  in r e l a t i o n  to su r face  so i l  
geochemistry,  r e l i e f  geology along t r a n s e c t  24
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The luad c o n te n t  o f  the p l a n t  
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FIGURE 49
The zinc  c o n te n t  of  the  p l a n t  t i s s u e  of  s e l e c t e d  
s p e c ie s  sampled along t r a n s e c t  24 in r e l a t i o n  to 
the. geochemis try  o f  the su r f a c e  so i l
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FIGURE 50
The copper co n ten t  of  the  p l a n t  t i s s u e  of  
s e l e c t e d  sp ec ie s  sampled along t r a n s e c t  24 in 
r e l a t i o n  to the  geochemis try  o f  the s u r f a c e  so i l
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FIGURE 51 The c o o a l t  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
s p ec ie s  sampled along t r a n s e c t  24 in r e l a t i o n  to 
the geochemist ry  o f  the  s u r face  so i l
133












































I R O N  C O N T E N T  O F  P L A N T S
EUCC'.TPTUS ACCRLACEA n u n s
EUCALTPTUS ARCRLACEA ii» , ts
 i.
e u c a l y p t u s  ARCRLACEA
EUCALYPTUS TERMINALIS n u n s
e u c a l y p t u s  TERMINALIS c n . is
EUCALYPTUS TERMINALIS
TEPHROSIA PURPUREA VAR. A X ILL A R IS  u » . t !  no  stess
CROThLARIA  NOVAE-HOLLANOIAE in .e s
CKOTALARIA NOVAE-HOLLANOIAE sm s
TPIOOtP PUNCENS
r i iH I
ERIACMNE MUCRONATA
if;
POLTCARPAEA CLABRA un.cs no  s't»s
i r o n  c o n t e n t  O F  S O I L
40000T 
3 0 0 0 0  -j
20000 Ù 
10000 1 
0  -L— 100




4 5 ’  N
FIGURE 52 The iron co n te n t  o f  the  p l a n t  t i s s u e  of  s e l e c t e d  
spec ie ?  sampled along t r a n s e c t  24 in r e l a t i o n  to 
the geochemis try  o f  the su r face  so i l
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The sou the rn  e x t e n t  and boundary o f  the  p l a n t  anomaly, r evea led  by 
the d i s t i n c t  s ig n a t u r e  on i n f r a - r e d  co lour  imagery,  i s  c l e a r l y  d i s t i n g u i s h e d  
by dead T riod ia  pungens^ i n t e r s p e r s e d  with i n d i c a t o r  p l a n t s ,  which on the  
ground i s  c h a r a c t e r i s t i c a l l y  brown in c o n t r a s t  to  the  h e a l th y  green o f  
a d j a c e n t ,  l i v i n g  s p e c i e s .  B u tb o sty tis  harbata  and F itrh r is ty lis  sp, af f .  F. 
diehotoma^ al though o ccu r r in g  th roughout the p l a n t  anomaly,  have a 
widespread d i s t r i b u t i o n  on th e  s k e l e t a l ,  sandy r e g o l i t h  of  rock ou tc rops  
within the  lode zone and p e r ip h e ra l  a rea s  where the  o th e r  i n d i c a t o r  p l a n t s  
are more widely  spaced (F ig .  18).
To th e  n o r t h ,  the Dugald River lode i s  much reduced in width and l e s s  
prominent as  a topograph ic  f e a t u r e ,  al though i t s  presence  i s  r evea led  on 
the i n f r a - r e d  imagery and in the  v e g e t a t i o n  by Tep/zrosfa purpurea var. 
a x illa r is  and Eriaohne mucronata  and the  l e s s  f r e q u e n t  occurrence  o f  
Volycorpaea glahra  (F ig .  19) .  In the  v i c i n i t y  and nor th  o f  Acacia Creek,  
the d i s t r i b u t i o n  of  the shrub Tephrosia purpurea var. a x illa r is^  which 
usua lly  occurs  in a rea s  p e r ip h e ra l  to the  main p l a n t  community, i s  
sugges t ive o f  a c o n t in u a t i o n  of  m i n e r a l i z a t i o n  or  anomalous c o n c e n t r a t i o n s  
of metal w i th in  the  s o i l  a t  r o o t in g  dep th ,  and,  in f a c t ,  a t  two s i t e s  
Polycarpaea g labra  occurs over  weak copper m i n e r a l i z a t i o n  in su r f a c e  o u t ­
cropping s h a le s  (F ig .  19).
The computer  p r i n t o u t  h is tograms o f  l e a d ,  z i n c ,  copper ,  c o b a l t  and 
iron l e v e l s  in the  p l a n t  t i s s u e  o f  t r e e ,  sh rub ,  g ra s s  and herb spec ie s  
and in the minus 80 and minus 270 f r a c t i o n s  o f  the suppor t ing  s o i l s ,  
sampled a long the  t r a n s e c t s  no r th  o f  S i l vermine Creek ( t r a n s e c t  19,
Figs. 32-36; t r a n s e c t  25,  F igs .  37-41;  t r a n s e c t  6 , F igs .  42-46,  and 
t r a n s e c t  24,  F ig s .  48 -52 ) ,  conf irms the  con t ro l  o f  to x i c  l e v e l s  o f  lead  
and zinc  over  the  lode zone where only  Polycarpaea glabra  and Eriaohne 
^ucronataj t o g e t h e r  with B u lb o sty lis  barbata  and F im b ris ty lis  sp. af f .
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F. diehotoma  are  ab le  to  s u rv iv e .  South of  S i l vermine Creek,  a s i m i l a r  
a n a ly s i s  o f  p l a n t  and so i l  samples,  along t r a n s e c t s  23 ( F i g s . .21-25) 
and 5 ( F ig s .  26 -30) ,  r e v e a l s  th e  c on t ro l  o f  to x i c  l e v e l s  o f  copper over 
the hanging-wal l  sh a le s  and lead  and z inc  over the  lode and foo tw al l  
shales where,  once more, on ly  the  sp e c ie s  comprising the  anomalous p l a n t  
community and i s o l a t e d  p ioneer  p l a n t s  such as C rota laria  yiovae-hollandiae  
are a b l e  to  su rv iv e .
The a n a l y t i c a l  da ta  showing p l a n t  metal uptake in r e l a t i o n  to  s o i l  
metal c o n t e n t  te nds  to  s u b s t a n t i a t e  th e  prev ious  biogeochemical  ana ly ses  
undertaken in t h i s  reg ion  (Provan 1965, N ic o l l s  e t  al 1965),  the  r e s u l t s  
of which sugges ted  t h a t  lode assemblage sp ec ie s  r e s t r i c t  t h e i r  uptake of  
lead and copper so long as the  c o n c e n t r a t i o n  in the s o i l  does not  exceed a 
c r i t i c a l  l i m i t  above which they  a re  unable  to  do so. In c o n t r a s t ,  p l a n t s  
growing over s t ro n g  z inc  anomalies  do not  r e s t r i c t  t h e i r  uptake o f  m e ta l ,  
the z in c  co n te n t  o f  p l a n t s  bea r ing  a c lo se  r e l a t i o n s h i p  to  the  s o i l  co n te n t  
and showing a sharp  c o n t r a s t  between anomalous and oarren  ground.
The occur rence  of  low c o n c e n t r a t i o n s  o f  lead  in the  p l a n t  t i s s u e  o f  
lode assemblage sp e c ie s  where su r f a c e  s o i l  va lues  a re  above the  proposed
1,000 ppm* th r e s h o l d  y'à^UQ Eriaohne  r e s u l t s ,  Dugald River lode nor th
t rack ,  t r a n s e c t  25, F i g . 37) however, tends  to suppor t  the  p o s s i b i l i t y  t h a t ,  
with th e  excep t ion  of  TepJirosia purpurea var izxH laris^  the s p ec ie s  o f  the 
anomalous p l a n t  community a re  d i s t i n c t  eco types .  These p ionee r  s p ec ie s  
occurr ing over  bedrock m i n e r a l i z a t i o n  a re  ab le  to  t h r i v e  in extreme h a b i t a t s  
and may consequen t ly  r e p r e s e n t  eco types  which have developed in response  to 
condi t ions  o f  metal t o x i c i t y  and reduced p la n t  com pet i t ion .
* All geochemical so i l  va lues  a r e  f o r  the  minus 80 f r a c t i o n  un le ss  
o the rw ise  s t a t e d
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Higher l e v e l s  o f  lead in the  p l a n t  t i s s u e  o f  s p ec ie s  occu r r in g  over 
the a r g i l l a c e o u s  l im es tone ,  such as in the  samples of  Eucalyptus cwgillacea^
E. tevm inalis  and G rev illea  mimosoides  on t r a n s e c t s  23 and 5 (Figs.  24 and 29) ,  
are mainly a s s o c i a t e d  with the geochemical d i s p e r s io n  downslope,  to  the  
e a s t ,  o f  t h i s  metal from the  main ore body. South o f  S i l vermine Creek, 
only the  s i l i c e o u s  s h a le s  o f  the hanging-wall  form a marked to pograph ic  
f e a t u r e ,  the  foo tw all  rocks o ccu r r ing  as low ground to  the  e a s t  a s s i s t i n g  
geochemical d i s p e r s i o n  in t h a t  d i r e c t i o n .  On t r a n s e c t  6 (F ig .  43 ) ,  anomalous 
conce n t ra t ions  o f  z inc  occur in the  s o i l s  found over the  l i n e  o f  the  west 
lode (F ig .  19).  The blue green s p e c t r a l  s i g n a t u r e  o f  the  west lode 
recognised  on the  co lo u r  i n f r a - r e d  photography,  i s  produced dominantly 
by the  poor i n f r a - r e d  r e f l e c t a n c e  recorded  over the  exposure o f  ou tc ropping  
and near su r fa c e  bedrock.  Where t r a n s e c t  6 t r a v e r s e s  the  margins o f  t h i s  
s igna tu re  u n i t ,  the  ground v e g e t a t i o n  c o n s i s t s  only o f  a few spa rse  
in d i c a to r  p l a n t s  and i s o l a t e d  clumps o f  T riod ia  pungens. However, the 
metal c o n te n t  w i th in  the  p l a n t  t i s s u e  o f  the  spec ie s  sampled over  t h i s  a rea  
is r e l a t i v e l y  h igh ,  cor responding  to  and i n d i c a t i v e  o f  the  anomalous metal 
conce n t ra t ions  o ccu r r in g  in the  su r f a c e  s o i l .
The metal c o n te n t  w i th in  the p l a n t  t i s s u e  of  sp e c ie s  sampled over 
geochemical anomalies o ccu r r ing  in the  su r face  so i l  i s  high compared to 
leve ls  in the  background v e g e t a t io n  growing on s o i l s  c o n ta in in g  normal 
q u a n t i t i e s  o f  th e se  m e ta l s .  On t r a n s e c t  19, p l a n t  metal va lues  may exceed 
over 100 ppmL where the  maximum lead  c o n c e n t r a t i o n  of  over 15,000 ppm occurs  
in the s o i l  (F ig .  32).  These high metal c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  
evident  f o r  l e a d ,  could p o s s i b ly  cause d i f f e r e n c e s  o f  r e f l e c t i v i t y  in 
the spec ie s  comprising the  p l a n t  communit ies and s o i l s  occu r r in g  over  the 
bedrock m i n e r a l i z a t i o n  which may be c o n t r i b u t a r y  to  the  d i s t i n c t i v e  s p e c t r a l
•f*
All p l a n t  metal va lues  a re  per  oven dry weight  un le ss  o the rw ise  s t a t e d
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s ig n a tu re  i d e n t i f i e d  on the m u l t i s p e c t r a l  photography f o r  the  geobotan ica l  
anomaly forming su r face  ex p re s s io n  o f  the Dugald River lode .  F u r th e r  
i n v e s t i g a t i o n  of  th e se  p o s s ib le  r e l a t i o n s h i p s  was undertaken by means of  
a q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  the  m u l t i s p e c t r a l  photography using a 
scanning m icrodens i tom ete r  to ana lyse  the  s p e c t r a l  d a ta .
Throughout the a rea  s tu d ie d  on the  m u l t i s p e c t r a l  photography cover ing  
the Dugald River lo d e ,  the  o v e ra l l  d i s t r i b u t i o n  of  s p e c t r a l  s i g n a t u r e  and 
vege ta t ion  u n i t s  i s  seen to  be c o n t r o l l e d  by many i n t e r r e l a t e d  environmental  
parameters .  V a r ia t io n s  of  l i t h o l o g y ,  r e l i e f ,  d r a in a g e ,  t e x t u r e  and major 
n u t r i e n t  s t a t u s  o f  the  s o i l s  a l l  appear  to  have some in f lu e n c e  over p l a n t  
d i s t r i b u t i o n  and consequen t ly  the  s p e c t r a l  s ig n a t u r e s  recorded  on co lour  
i n f r a - r e d  f i lm .  However, over the  m in e ra l i zed  t e r r a i n  of  the  Dugald River 
lode th e  in fo rm at ion  from ground s t u d i e s  along the  va r io u s  t r a n s e c t  l i n e s  
suggest t h a t  t r a c e  element anomalies in the  s o i l  which a re  r e l a t e d  to 
the bedrock m i n e r a l i z a t i o n  e x e r t  the  c o n t r o l l i n g  in f l u e n c e .  These ground 
s tud ie s  confirmed t h a t  the  p resence  o f  bedrock m i n e r a l i z a t i o n  could be 
e s t a b l i s h e d  through the i d e n t i f i c a t i o n  on co lour  i n f r a - r e d  photography of  
d i s t i n c t  s p e c t r a l  s i g n a t u r e s  r e v e a l in g  v a r i a t i o n s  in the  sp e c ie s  composit ion 
of the  ground v e g e t a t i o n  r e l a t e d  to  anomalous c o n c e n t r a t i o n s  of  t r a c e  
elements in the  su r f a c e  s o i l .
4 .1 .3  Q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  the  m u l t i s p e c t r a l  photography and 
c o r r e l a t i o n  s t u d i e s  invo lv ing  the  use o f  ground t r u t h  in fo rm at ion
Q u a n t i t a t i v e  i n t e r p r e t a t i o n  of  the  m u l t i s p e c t r a l  photography involved  
the use o f  a m ic rodens i tom ete r  in an a t tem p t  to  c l a s s i f y  a u t o m a t i c a l l y  su r f a c e  
t e r r a in  f e a t u r e s  such as v e g e t a t i o n  a s s o c i a t i o n s ,  s o i l  and rock types  and 
to determine,  the  degree  o f  c o r r e l a t i o n  between the  r e s u l t i n g  c a t e g o r i e s  and
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those deduced from p h o t o i n t e r p r e t a t i o n  and f i e l d  s t u d i e s .  M icrodens i tometer
scans,  sampling each p i c t u r e  element along the scan l i n e ,  co r responding  
2
to an area  o f  Im on the  ground, a re  ab le  to  measure the  o p t i c a l  d e n s i t y  
in each o f  the  e i g h t  s p e c t r a l  bands which can be i n d i v i d u a l l y  graphed and 
t r e a t e d  as orthogonal  vec to r s  f o r  f u r t h e r  computer s t a t i s t i c a l  c l u s t e r i n g  
an a ly s i s  us ing  a h i e r a r c h i c a l  f u s ion  r o u t i n e .  The au tomat ic machine 
an a ly s i s  o f  the photography was undertaken by a complementary phys ics  
research  programme to  which r e f e r e n c e  should be made f o r  d e t a i l s  
(Custance 1974) as the i n i t i a l  comparisons d i scussed  here a re  on ly  of  a 
p re l im inary  n a tu re .  S t a t i s t i c a l  c o r r e l a t i o n  s tu d i e s  were a l s o  c a r r i e d  
out using the  m ic rodens i tom ete r  o p t i c a l  d e n s i t y  measurements in r e l a t i o n  
to t r a n s e c t  da ta  by means o f  a computer c o r r e l a t i o n  m a tr ix .
( i ) M icrodens i tometer  i n t e r p r e t a t i o n  o f  the  m u l t i s p e c t r a l  pho tog raphy•
T ran sec t  19 was chosen f o r  both microdens i tom ete r  and s t a t i s t i c a l  
c o r r e l a t i o n  s tu d i e s  as i t  p r e s e n t s  a ty p i c a l  c ro s s  s e c t i o n  ac ro s s  the 
Dugald River lode a r e a .  The t r a n s e c t  l i n e  was scanned on a l l  fou r  f i l m s ,  
the two co lou r  f i lm s  being scanned th r e e  t imes each with f i l t e r s  
corresponding to  the primary c o l o u r s .  The o p t i c a l  d e n s i t y  scan l i n e s  f o r  
the f a l s e  co lour  i n f r a - r e d  band and the t r u e  co lou r  green band a re  
superimposed on Fig .  53. These two c o n t r a s t i n g  bands, c h a r a c t e r i s t i c  o f  
the two co lou r  f i l m s ,  a re  i l l u s t r a t e d  t o g e th e r  f o r  they are  r e p r e s e n t a t i v e  
of the s p e c t r a l  v a r i a t i o n  o c c u r r in g  ac ro ss  the t r a n s e c t  and w i th in  
each f i lm  r e g i s t e r  the  dominant r e f l e c t i o n  c h a r a c t e r i s t i c s  o f  v e g e t a t i o n .
All the  e i g h t  bands a re  used in tiie computer s t a t i s t i c a l  c l u s t e r i n g  
programme, bu t  as  p r e l im in a ry  c o r r e l a t i o n  s t u d i e s  are very simple 
due to the  machine only being ab le  to  employ s p e c t r a l  da ta  in a c l a s s i f i ­
ca t ion ,  w h i l s t  the  eye can a l s o  take  account  of  t e x t u r a l  and o th e r  s p a t i a l  










The scan l i n e s ,  with  a f i v e f o l d  m a g n i f ica t io n  f o r  c l a r i f i c a t i o n  of  
d e t a i l ,  revea l  t h a t  the  v a r i a t i o n  in magnitude of  frequency and consequent  
v a r i a t i o n  o f  tone i s  s i g n i f i c a n t l y  g r e a t e r  in the i n f r a - r e d  band. The 
true co lou r  green band by comparison has a r e l a t i v e l y  small range of  
v a r i a t i o n  i n d i c a t i n g  the small change in green tones ac ro ss  the  t r a n s e c t  
l in e .  High r e f l e c t i o n  and consequent  l i g h t e r  tones occur towards the  
top o f  the s c a le  (page) and poor r e f l e c t i o n  and dark tones  towards the  
bottom f o r  each band (F ig .  5 3 ) .
Although only  simple o b s e rv a t io n s  can be made from the  s p e c t r a l  
data,  i t  i s  obv ious ,  e s p e c i a l l y  in the  i n f r a - r e d  band, t h a t  c e r t a i n  
almost uniform a r e a s ,  with a l i m i t e d  range of  s p e c t r a l  v a r i a t i o n ,  can be 
d i r e c t l y  r e l a t e d  to  i n t e r p r e t e d  s p e c t r a l  s i g n a t u r e  u n i t s .  High, 
r e l a t i v e l y  uniform r e f l e c t a n c e  in the west  corresponds to  the  i n t e r p r e t e d  
s pec t ra l  s i g n a t u r e s  o f  Eriaohne dom inii  and bare ground c a t e g o r i e s ,  
w h i l s t  to  the immediate e a s t ,  a zone o f  lower and more v a r ie d  r e f l e c t a n c e  
corresponds to the T riod ia  puyigens dominated s p e c t r a l  u n i t  8 o ccu r r ing  
over the  hanging-wall  s h a l e s .  The Dugald River lode and a s s o c i a t e d  
zone o f  the  anomalous p l a n t  community are  revea led  by a c l e a r l y  def ined  
peak of  moderate r e f l e c t a n c e  in the  i n f r a - r e d  band and r e l a t i v e l y  high 
r e f l e c t a n c e  in the  green band. Super im posi t ion  of  th e se  two s p e c t r a l  
bands, however, r e v e a l s  com para t ive ly  equal and uniform r e f l e c t a n c e  
c h a r a c t e r i s t i c s  ( i e  the  peaks co in c id e )  over the  lode zone in marked 
c o n t r a s t  to  th e  v a r i a b l e  r e f l e c t i o n  c h a r a c t e r i s t i c s  over a l l  o th e r  
a reas ,  (F ig .  53) .
To the  e a s t  o f  the lode zone,  the  T riodia  pungens and a r g i l l a c e o u s  
l imestone are  r e s p o n s ib l e  fo r  poor r e f l e c t a n c e  and dark tones  which are  
c l e a r ly  v i s i b l e  on botn s p e c t r a l  bands ,  e s p e c i a l l y  in the  i n f r a - r e d .  The 
eas t  o f  the  scan l i n e s  a re  c h a r a c t e r i s e d  by high r e f l e c t a n c e  l e v e l s  and
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uniform tonal  v a r i a t i o n  cor responding  to the  l i g h t  tones  o f  Enneccpogon 
go lyphy l lus  and bare a rea  over the  covered ground of  the  leve l  i n t e r f l u v e  
environment.  The sharp boundary between t h i s  environment and the  
a rg i l l a c e o u s  l imes tones  i s  a l s o  c l e a r l y  revea led  in the  s p e c t r a l  d a t a .
A p r e l im in a ry  comparison o f  the m icrodens i tom ete r  i n t e r p r e t a t i o n  
consequently confirms the s u p e r i o r i t y  of  f a l s e  co lour  i n f r a - r e d  f i lm  f o r  
tonal d i s c r i m i n a t i o n  and r e v e a l s  t h a t  on s p e c t r a l  da ta  a lo n e ,  a broad 
c o r r e l a t i o n  e x i s t s  between i n t e r p r e t e d  s p e c t r a l  s ig n a tu r e  u n i t s ,  recognised  
ground v e g e t a t i o n  u n i t s  and o p t i c a l  d e n s i t y  measurements.  The uniform 
spec tra l  c h a r a c t e r i s t i c s  o f  the  m in e ra l i z e d  lode zone in the  t r u e  co lour  
green and i n f r a - r e d  f a l s e  c o lo u r  bands p o s s ib ly  reveal  a probable  po ten ­
t i a l  f o r  the  d i s c r i m i n a t i o n  o f  such a r e a s ,  i f  s u f f i c i e n t l y  l a r g e ,  by 
automatic machine i n t e r p r e t a t i o n  based on s p e c t r a l  d e n s i t y  measurements.
{i i ) C o r r e l a t i o n  o f  o p t i c a l  d e n s i t y  measurements, p l a n t  s p ec ie s  frequency 
d i s t r i b u t i o n  and the  t r a c e  element  metal co n te n t  o f  s o i l  and p l a n t  
samples
A p o s s i b l e  a l t e r n a t i v e  q u a n t i t a t i v e  method of  comparing the  micro ­
densi tometer  and t r a n s e c t  da ta  was a t tempted  by use o f  a computer 
c o r r e l a t i o n  m a t r ix .  As the  amount o f  da ta  was so g r e a t  the  programme had 
to be s p l i t  i n to  two p a r t s ,  a development which a l s o  f a c i l i t a t e d  o rde r ing  
of component da ta  p a r t s  as  the c o r r e l a t i o n  was based on u n i t s  of  d i s t a n c e  
along the  t r a n s e c t  l i n e  and a l a rg e  p ro p o r t io n  o f  the da ta  v/as no t  
continuous with  d i s t a n c e  but  taken a t  s e l e c t e d  i n t e r v a l s .  P r im a r i ly  the 
percentage cover of  each sp e c ie s  and bare ground was c o r r e l a t e d  with the  
opt ical  d e n s i t y  measurements f o r  the  e i g h t  s p e c t r a l  bands and the  t r a c e  
element co n te n t  o f  the  su r f a c e  s o i l .  Secondly the metal c o n t e n t s ,  in ppm 
per oven dry w eigh t ,  o f  i n d iv id u a l  p l a n t  sp ec ie s  sampled along the  t r a n s e c t
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were c o r r e l a t e d  with the pe rcen tage  cover o f  the  p l a n t  per  square  metre ,  
the e i g h t  s p e c t r a l  band o p t i c a l  d e n s i t y  measurements and the  t r a c e  element 
content  o f  the  s u r f ace  s o i l .  Each in d iv id u a l  c o r r e l a t i o n  i s  expressed  
as a c o r r e l a t i o n  c o e f f i c i e n t  and where a p p r o p r i a t e ,  i f  the  c o r r e l a t i o n  
is h igh ,  a s i g n i f i c a n c e  ' /alue i s  given in a d d i t io n  to the  c o e f f i c i e n t  value
The c o e f f i c i e n t s  f o r  c o r r e l a t i o n s  invo lv ing  percentage  cover o f  
ind iv idual  sp e c ie s  a re  given in Table 5 where c o r r e l a t i o n s  o f  high 
s ig n i f i c a n c e  a re  u n d e r l in ed .  T riod ia  pungens rev ea ls  n ega t ive  c o r r e l a t i o n s  
for  almost  every s p e c t r a l  band ( the  two panchromatic bands a re  ne g a t iv e s
I
and thus  t h e i r  c o r r e l a t i o n  c o e f f i c i e n t  s ign  must be r eve rsed  to  accord 
with the  o th e r  s p e c t r a l  c o e f f i c i e n t s )  probably  i n d i c a t i n g  t h a t  high 
percentage cover o f  t h i s  s p e c ie s  i s  r e l a t e d  to low o p t i c a l  d e n s i t y  
measurements ( i e  low r e f l e c t i v i t y  and dark t o n e s ) .  In c o n t r a s t  the  
species  Enneapogon po lyph yllu s  has p o s i t i v e  c o r r e l a t i o n s  in the  same 
bands i n d i c a t i n g  t h a t  high percen tage  cover  i s  r e l a t e d  to  h ighe r  o p t i c a l  
dens i ty  measurements and h ighe r  r e f l e c t i v i t y .  I t  i s  s i g n i f i c a n t  t h a t  
the h ig h e s t  p o s i t i v e  c o e f f i c i e n t  o f  .412 i s  in the f a l s e  co lo u r  i n f r a - r e d  
band f o r  t h i s  s p ec ie s  which produces a c h a r a c t e r i s t i c  red purp le  r e l a t i v e l y  
high i n f r a - r e d  r e f l e c t i n g  s ig n a t u r e  on co lour  i n f r a - r e d  f i lm .  Other 
po s i t iv e  c o r r e l a t i o n s  are  n o ta b ly  f o r  s o f t  g rass  spec ie s  such as Eriaohne 
dominii  and Sporobolus a u s tra la s ic u s . As expected the  da ta  r e v e a l s  t h a t  
high pe rcen tages  o f  bare  ground produce h igher  r e f l e c t i o n  in a l l  bands 
( e s p e c i a l l y  the  f a l s e  co lou r  green)  excep t  f o r  the f a l s e  co lou r  i n f r a - r e d  
and panchromatic green banas where high r e f l e c t i v i t y  i s  u s u a l l y  a s s o c i a t e d  
with v e g e ta t i o n  s u r f a c e s .  The weak r e f l e c t a n c e  of  the  i n d i c a t o r  spec ie s  
Eriaohne muoronata  and Volyoanpaea glabra  i s  i l l u s t r a t e d  by n ega t ive  
c o r r e l a t i o n s .  C o e f f i c i e n t s  fo r  t r e e  s p e c i e s ,  al though mainly n e g a t iv e ,  
are v a r i a b l e  and in cene ra l  un in fo rm at ive .
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Table 5 . C o r r e l a t i o n  o f  s p e c t r a l  d a t a ,  p l a n t  s p e c i e s  f r equ en c y  
d i s t r i b u t i o n  and th e  t r a c e  e l em en t  metal c o n t e n t  o f  the  
su p p o r t in g  s o i l s  a long  t r a n s e c t  19
P o l y a a r p a e a
g l a b r a
E r i a o h n e
m u c r o n a t a
T r i o d i a
p u n g e n s
E r i a o h n e
d o m i n i i
E n n e a p o g o n
p o l y p h y l l u s
S p o r o b o l u s
a u s t r a l a s i c u s
B a r e
g r o u n d
E u c a l y p t u s
h r e v i f o l i a
E u c a l y p t u s
t e r m i n a l i s
E u c a l y p t u s
a r g i l l a c e a
E u c a l y p t u s
p a p u a n a
False colour  
green - .17 4  1 .0
- . 1 3 4  5 .0 -.271 0.1 .169 r . o .342 0_J .128 5 .0 .194 1 .0 - .0 7 3 - .1 6 4  1 .0 .223 ^ .077
False co lour  
bl ue
- .1 3 8  5 .0 - .1 1 2 - . 2 4 3  0.1 .332 OJ^ .299 0 ^ ■'.224 ^ .128 5 .0 - .0 7 0 - .1 8 0  1 .0 .157 1 .0 - .0 1 2
False co lour  
red -.071 .005 - . 3 0 3  0.1 .042 .412 OJ^ . 6 1  1.0 .054 - .1 4 2  5.0 - .0 0 9 .125 5 .0
- .0 4 8
True colour  
green -.066 .066 - . 3 3 9  0.1 .111 .324 0J_ .071 .172 1 .0 - .1 3 9  5 .0 - . 2 2 2  1 .0 .088 .006
True colour 
blue - .039 .086 - . 3 3 0  0.1 .140 5 .0 .242 0 J_ .162 1.0 .136 5 .0 -.141 5 .0 - .2 5 6  0.1 .070
.095
True colour  




.227 0 ^ - .2 3 5  0 J _ - .2 0 9  o p -.139 5 .0 - .08 7 .119 5 .0 .254 0 J_ - .0 9 9 .033
Panchromatic
yellow .073 -.001 .354 0.1 - .2 2 9  ^ - . 3 2 8  OJ^ - .175  1 .0 - .1 8 6  1 .0 .158 1 .0 .240 0.1 - .1 2 4  5 .0 .005
Soil iron 
content - .00 0 .033 - .101 - .1 6 0  1 .0 .244 0 J_
.249 0.1 - .0 3 2 .006 .094 - .1 8 5  1 .0 - .1 6 0  1 .0
Soil co b a l t  
con tent - .1 0 8 - .231  q p .030 .015 .089
- .015 .168 1 .0 .307 0.1 - .0 96 - .0 3 3 .338 0 J_
Soil copper 
con tent -.231 ^ - .4 9 2  ^ - .0 6 8 .330 q p _ .452 0 ^
.289 0 ^ .190 1 .0 - .0 5 8 .023 .413 ^ .145 5.0
Soil zinc 
content .408 0.1 .516 0.1
-------------------
- .0 1 9 - .2 6 9  ^ - .2 4 6  0J_ - .173  1 .0 - .2 3 7  0.1 - . 1 5 0  1 .0 .058 - .3 9 7  0.1 - .2 0 2  1 .0
Soil le ad  
conten t - .05 5 - .1 1 5  5 .0 - .0 97 - .1 1 6  5 .0
.299 0.1 .238 0.1 .091 .075 - .1 0 3 .055 - .121 5 .0
The co r re l a t i o n  o f  percen tage  spec ie s  cover with t r a c e  element 
metal values in the s u r face  s o i l  r e v e a l s  the  expected p o s i t i v e  c o r r e l a t i o n  
0^  Volycorpaea glahra  and Eriaohne mucronata  with  z inc  c o n te n t .  A 
negative co r re l a t i o n  with lead  i s  p robably  due to  the  f a c t  t h a t  high lead 
values only occur over a very narrow zone w h i l s t  the  i n d i c a t o r  spec ie s  are  
more widespread due to  a wider e x t e n t  o f  high z inc  v a l u e s ,  the  lead  values  
dropping sharply away from the  narrow lode zone.  All o th e r  s p ec ie s  have 
negative c o r r e l a t i o n s  with z in c .  Higher s o i l  metal co n te n t  o f  c o b a l t  
and copper over the western s i l i c e o u s  rocks accounts f o r  the p o s i t i v e  
correlations with Eucalyptus papuana  and E. h r e v ifo lia  and the s o f t  g rass  
species such as Enneapogon polyphyllus^  w h i l s t  the  p o s i t i v e  c o r r e l a t i o n  of  
this species and Sporobolus a u stra la sicu s  with lead i s  due to  the  
occurrence of these  p la n t s  over  the  a r g i l l a c e o u s  l imes tone  where s o i l  
lead values are r e l a t i v e l y  h igh .  E. a rg illa c e a  occurs over h ighe r  copper 
values on the hanging-wall  s h a le s  accounting  f o r  a p o s i t i v e  c o r r e l a t i o n ,  
whilst to the west of the  anomaly h ighe r  pe rcen tages  of  bare ground are  
seen to r e l a t e  to h igher  copper and c o b a l t  s o i l  l e v e l s .
The c o e f f i c i e n t s  f o r  c o r r e l a t i o n s  invo lv ing  the t r a c e  element c o n t e n t ,  
measured in ppm per oven dry  w e igh t ,  o f  s e l e c t e d  spec ie s  sampled along 
the transect are given in Table 6 . Although d e f i n i t e  conc lus ions  cannot 
be too readily  drawn fo r  r e s u l t s  from only  one t r a n s e c t ,  some i n t e r e s t i n g  
trends are revealed by the  c o r r e l a t i o n  c o e f f i c i e n t  d a t a .  The lead  con ten t  
of Triodia pungens and the  z in c  c o n te n t  o f  Eucalyptus h r e v ifo lia  have 
high posit ive c o r r e l a t i o n s  with the su r f a c e  i ron  co n te n t  in a d d i t i o n  to 
the respective lead and z inc  l e v e l s  of  the s o i l s .  The zinc  co n te n t  o f  
Ipiodia pungens a l so  has a high p o s i t i v e  c o r r e l a t i o n  with the  l e v e l s  of  
zinc in the sur face  s o i l .  N e i th e r  the  metal co n te n t s  o f  T riod ia  pungens 
Eucalyptus h re v ifo lia  are  seen to  have any s i g n i f i c a n t  c o r r e l a t i o n s  with 
the optical dens i ty  measurements o f  the  e i g h t  s p e c t r a l  bands.
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table 6 C o r r e la t io n  o f  s p e c t r a l  da ta  and the  t r a c e  element  metal 
co n ten t  o f  sampled p l a n t  sp ec ie s  and suppor t ing  s o i l s  
along t r a n s e c t  19
Trdodia pungens ( p opu la t ion  23) .
Fe Co Cu Zn Pb
Plant

















- .032  .097 .072 .018 - .186
False colour .209 .205 • - .229  - .400
green .023
False colour  . ig g  .229 - .226  - .320  - .015
bl ue
False co lour  . igg  .250 - .132  - .236  .054
red
- .212  -.041 - .058  - .211 - .014
True colour
blue - .128  -.121 - .196  - .198  .007
- .230  - .165  - .239  - .128  .350
- .248  -.331 .177 .452 5.0 .155
-.005  - .214  .166 .397 .079
-.069 .146 .015 .443 5.0 .778 0.1
^°content^^ - .097  .305 - .070  - .263  - .061
^'’content^'" -001 .266 .106 - .346  .018
- .098  - .421 5 .0  .225 .733 O J  - .048
- .006  - .0 2 8  .070 .415 5.0 .989 0_-2
(“80 f r a c t io n )  ( p l a n t  metal c o n t e n t  per  oven dry weight)
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Eucalyptus h r e v i f o l ia  (popu la t ion  12)
Fe Co Cu Zn Pb
Plant





















.062 .105 - .069  - .163  .412
-.156  - .005  .126 .472 .251
False colour
blue .027 .118 .396 .324 .157
False colour
red - .025  - .2 9 3  . .128 .681 5.0 - .183
- .174  .008 .016 .512 .256
.295 .394 .422 .377 .272
- .256  - .493  -.231 .042 - .150
- .009  - .1 1 2  - .266  - .482  - .256
Panchromati c
yellow .034 - .115  - .218  - .504  - .286
.172 - .259  - .290  .863 0.1 - .560
.000 .169 - .020  .162 - .049
^°contenr* ' -015 - .0 8 6  .401 - .242  - .562
.033 - .389  - .3 9 0  .855 1.0 - .422
.141 - .454  - .399  .744 1.0 - .272
“80 f r a c t i o n )  ( p l a n t  metal co n te n t  per  oven dry weight)
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Eriaohne muoronata ( popu la t ion  18)
Fe Co Cu Zn .Pb
Plant
dis tr ibution  - .145  - .028  .114 .551 5 .0  - .251
(per square
metre)
False colour .ggg 5 .0  - .2 8 9  .186 -.561 5 .0  .501 5.0
green
False colour .420 - .212  .159 -.401 .513 5.0
blue - *
False colour .525 5.0 - .2 9 3  .068 -.461 .621 1.0
red


















.650 1.0 - .064  .175 - .405  .658 1.0
.472 5.0  - .336  .113 - .676  1.0 .263
- .433  .352 - .162  .406 -.611 1.0
- .510  5 .0  .364 - .180  .499 5.0  - .566  5.0
/
.181 .261 - .242  - .190  .533 5.0
.128 - .2 6 2  - .327  - .584  1 .0  .555 5.0
^°contenr '" -220 - .3 7 3  - .186  - .484  5 .0  .884 0J_
- .150  .243 .250 .799 0.1 - .218
.334 - .1 1 0  - .237  - .411 .890 0.1
-80 f rac t ion )  ( p l a n t  metal c o n te n t  per  oven dry weight)
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Volycorpaea g lah ra  (popu la t ion  11)
Fe Co Cu Zn Pb
Plant
di s tr ibut ion _ q38 - .276  - .505  - .144  - .256
(per square
metre)
False colour i25 .459 • .220 .405 .883 0J_
green
False colour q99 .535 .271 .402 .868 1.0
blue
False colour 145 .562 .313 .475 .895 0 ^
red
.True colour 238 .470 .229 .499 .907 0.1
green
True colour j 47 .445 .183 .306 .691 5.0
blue
True colour 151 .115 - .116  .153 .527
red
Panchromatic - .4 1 4  - .505  - .4 5 3  - .563  - .969  0 . 1
green
Panchromatic _ 258 -.471 - .307  - .536  - .944  0J_
yellow
Soil iron _ 373 ,492 .156 .307 .363
content
Soil cobalt  ggg .631 5.0 .276 .564 .807 1.0
content
Soil copper 457 ,517 .382 .608 5.0  .911 0J_
content
Soil zinc .  ^gg . . 1 8 3  - .346  - .169  - .546
content
Soil lead .,43 .593 .317 .507 .862 1.0
content
(-80 f rac t ion )  ( p l a n t  metal co n te n t  p e r  oven dry weight )
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A very high p o s i t i v e  c o r r e l a t i o n  e x i s t s  f o r  both i n d i c a t o r  spec ie s  
between the lead con ten t  of  the p l a n t s ,  the  o p t i c a l  d e n s i t y  measurements 
in each spectral  band and the  l e a d ,  copper and z inc  co n ten t  o f  the s o i l .
This suggests t h a t  h igher  copper ,  lead  and z inc  l e v e l s  in the so i l  are 
related to higher lead values  in the i n d i c a t o r  sp ec ie s  and h ighe r  r e f l e c t i v ­
ity (optical dens i ty )  in a l l  s p e c t r a l  bands.  I t  i s  a l s o  s i g n i f i c a n t  t h a t  
for Polyoarpaea g labra  the h ig h e s t  c o r r e l a t i o n  c o e f f i c i e n t s  occur in the 
true colour green ( .9 0 7 ) ,  panchromatic green ( .969) and f a l s e  co lour  
infra-red ( .895) bands where high r e f l e c t i v i t i e s  a re  u s u a l l y  a s s o c i a t e d  
with vegetat ion,  and t h a t  on the  m icrodens i tom ete r  scan l i n e s  the  lode 
zone is represented by a r e f l e c t a n c e  peak (F ig .  53).  The c o r r e l a t i o n  
data possibly sugges ts  t h a t  t h i s  peak i s  r e l a t e d  to  metal c o n c e n t r a t i o n s  
in the ind ica to r  p la n t s  and su r face  s o i l s .  This  conc lus ion  i s  suppor ted  
by recently published r e s e a r c h ,  c a r r i e d  out  in two independent  a r ea s  of  
America, where d i f f e r e n c e s  were confirmed in the  f i e l d  by s p e c t ro ra d io m e te r  
measurements, between the s p e c t r a l  r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  m in e ra l ­
ized and non-mineral ized c o n i fe ro u s  t r e e  sp e c ie s  (Yost and Wenderoth 1971, 
Howard e t  al 1971).
4.2 The Ausminda area
North of  the Dugald River lode ,  a s m a l l ,  bu t  very c l e a r l y  d e f in e d ,  
spectral s ig n a tu re ,  s i m i l a r  to  t h a t  over the  main lode zone,  occurs  on 
the mul t i s p e c t r a l  photography and i s  c o i n c id e n t  with  an area  o f  copper 
mineral ized ground, demarcated by a g e o b o t a n i c a l ly  anomalous p l a n t  
community which i s  p a r t i c u l a r l y  d i s t i n c t i v e  on the  f a l s e  co lour  i n f r a - r e d  
photography. Within t h i s  a r e a ,  the  c lo s e  r e l a t i o n s h i p  between s p e c t r a l  
signatures i d e n t i f i e d  on co lour  i n f r a - r e d  f i l m ,  and the  d i s t r i b u t i o n  of  
vegetation un i t s  was s i m i l a r l y  i n t e r p r e t e d  in r e l a t i o n  to  environmental
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parameters including s o i l s ,  bedrock geology and where r e l e v a n t ,  anomalous 
levels of toxic elements emanating from ore d e p o s i t s .
4.2.1 Recognit ion and i n t e r p r e t a t i o n  o f  the  s p e c t r a l  s i g n a t u r e s  d isp layed  
on the f a l s e  co lour  i n f r a - r e d  photography
The in f ra - r ed  s ig n a t u r e  u n i t s ,  r ecognised  f o r  the  frame a rea  covering 
the mineral ized t e r r a i n ,  a re  shown in Fig .  54 where the  s p e c t r a l  
signature ( 1) of  the anomalous p l a n t  community, c o n s i s t i n g  o f  widely spaced 
Eriaohne mucronata g ra s se s  accompanied by a few Volycorpaea glabra  p la n t s  
with some Tephrosia purpurea var. a x i l la r i s  shrubs a t  the p e r ip h e ry ,  i s  
coincident with a narrow ou tc rop  of  m i n e r a l i z e d ,  g r a p h i t i c  s h a le s  and seen 
to.be d i s t i n c t  from a l l  o th e r  s i g n a t u r e s  recognised  from the imagery.
Using ground t r u t h  in fo rm a t io n ,  the  number and complexity o f  s p e c t r a l  
units is s im pl if ied  in Fig.  55 by grouping s ig n a t u r e s  dominated by 
individual species and bare ground.
The spec tra l  s i g n a t u r e  u n i t s  i n t e r p r e t e d  f o r  t h i s  a rea  a re  s i m i l a r  
to those of the Dugald River lode area  immediately to  the  sou th .  East  
of spectral un i t  1 , the  da rke r  blue green s i g n a t u r e  produced by a sparse  
growth of Triodia pungens^, over  o the rw ise  bare ground ( s p e c t r a l  u n i t  10) ,  
is broken by the red purp le  s i g n a t u r e  o f  in d iv id u a l  a re a s  of  Eriachne 
àondnii ( spec tra l  u n i t  3 ) which occur l o c a l l y  on the  g e n t ly  s lop ing  
terrain, with deeper,  sandy c l a y  s o i l s ,  a t  the  western f o o t  o f  the  b e l t  
of higher ground where a sequence of  near  su r f a c e  bedded l imes tones  
frequently outcrop.
West of the anomalous p l a n t  community, a dark blue green (123D) 
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( spec t ra l  u n i t  9 ) ,  supported  on red sandy s o i l s  over s ha ly  rocks .  The 
s ignature  changes to  a combination o f  red pu rp le  and b '^o  green tones  
as the  s p e c i e s  i s  a s s o c i a t e d  with Enneapogon p o lyph yllu s  ( s p e c t r a l  u n i t  
11). F u r t h e r  t o  the w es t ,  prominent  a r e a s  of  bare  ground produce much 
l i g h t e r  toned s i g n a t u r e s  which vary  accord ing  to  the cbundance o f  the  
sparse ground cover  o f  Enneapogon po lyph yllu s  (spectra"! u n i t s  5 and 
5 + 18).
The remainder  o f  the  frame a rea  r e v e a l s  a s i m i l a r  d i s t r i b u t i o n  o f  
spect ra l  u n i t s ,  as  seen in the  a d j a c e n t  Dugald River  lode a r e a s  to  the  
south. Dark blue tones  of  s p e c t r a l  u n i t  8 , produced by r e f l e c t a n c e  from 
Triodia pungens  and a r g i l l a c e o u s  l im e s to n e ,  a re  broken by pa tches  o f  red 
purple (65C) where Enneapogon p o lyph yllu s  occurs  l o c a l l y  over  small 
pockets o f  deeper  s o i l ,  l o c a t e d  in i n t e r s t i t i a l  a r e a s  between rock 
outcrops and small a r e a s  a d j a c e n t  to  s tream co u rs e s .  The red purp le  o f  
spec tra l  u n i t  4 a l s o  occurs  on small pa tches  o f  sandy s o i l  between the  
blue green s i g n a t u r e  o f  prominent  ou tc rops  o f  c a l c - s i 1 i c a t e  bedrock 
(spec t ra l  u n i t  4 + 19) ,  c o n t r a s t i n g  wi th o th e r  bare a re a s  found over 
bedrock where the  s ig n a t u r e  to nes  are dominant ly  blue g reen ,  c o n s i s t e n t  
with a spa r se  growth o f  a  pung'ens ( s p e c t r a l  u n i t  17 + 8 ) .  Red
purple,  pu rp le  and v i o l e t  s i g n a t u r e s  produced by s o f t  g ra s s  s p e c i e s ,  as 
prev ious ly  o u t l i n e d  in the  Dugald River  a r e a ,  a r e  c h a r a c t e r i s t i c  o f  covered 
ground which occurs  on the  l e v e l  i n t e r f l u v e s  in the  e a s t e r n  frame a r e a .
4.2.2 I n t e r p r e t a t i o n  o f  th e  d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  and 
v e g e t a t i o n  u n i t s  in r e l a t i o n  to  env ironmenta l  paramete rs
The c l o s e  cor respondence between the  d i s t r i b u t i o n  or i n f r a - r e d  s p e c t r a l  
s ignature  u n i t s  and the v e g e t a t i o n  w i th in  the  area  i s  confirmed by 
the frequency  d i s t r i b u t i o n  o f  p l a n t  s p e c ie s  along t r a n s e c t  4 (F ig .  5 6 ) ,
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figure 56 P lan t  spec ie s  f requency d i s t r i b u t i o n  in r e l a t i o n  to 
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FIGURE 57 The copper con t e n t  .of the  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c ie s  sampled along t r a n s e c t  4 in r e l a t i o n  to the  
geochemiscry o f  the  s u r f a c e  so i l
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FIGURE 59 The zinc c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c ie s  sampled a long t r a n s e c t  4 in r e l a t i o n  to 
the  geochemis try  o f  the s u r f a c e  so i l
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FIGURE 60 The lead  c o n t e n t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d  
sp e c ie s  sampled along t r a n s e c t  4 in r e l a t i o n  to 
the  geochemis try  o f  the  s u r f a c e  so i l
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FIGURE 61
The i ron  c o n t e n t  
o f  the  p l a n t  
t i s s u e  o f  s e l e c t e d  
s p e c ie s  sampled 
along t r a n s e c t  4 
in r e l a t i o n  to the 
geochemis try  of  
the  s u r f a c e  s o i l
1 6 0
where the  mineral  s t a t u s  o f  th e  s o i l ,  and e s p e c i a l l y  the  anomalous l e v e l s  
of tox ic  e lements  emanating from m in e ra l i zed  bedrock ,  i s  seen to  be an 
important c o n t r o l l i n g  f a c t o r  w i th in  the  phys ica l  envi ronment .
Within the  e a s t e r n  i n t e r f l u v e s ,  the s p e c t r a l  u n i t s  and v e g e t a t i o n  
a s soc ia t ions  revea l  a d e f i n i t e  p a t t e r n  which can be r e l a t e d  to  the  
ground c o n d i t i o n s  of  s o i l  m o is tu re  and d r a in a g e .  Dark blue green 
s ignatures  o f  T r io d ia  pungens^ f r e q u e n t l y  occur  with  th e  red pu rp le  
signa ture  o f  A cac ia  c h ish o lm ii  and o th e r  shrub s p ec ie s  ( s p e c t r a l  u n i t s  
14 and 15) in d ra inage  c o u r s e s .  In a re a s  p e r ip h e ra l  to  the  c h a n n e l s ,  
the combined blue  green and red  purp le  s ig n a t u r e  of  T r io d ia  pungens and 
Enneapogon p o ly p h y llu s  ( s p e c t r a l  u n i t  11) ,  o r  more commonly the  l i g h t e r  
blue green and red purp le  tones  a s s o c i a t e d  with a s p a r s e  cover  o f  
Enneapogon p o ly p h y llu s  ( s p e c t r a l  u n i t  5 ) ,  occur on th e  t h i n n e r ,  more 
sandy s o i l s  where s o i l  m o is tu re  i s  no t  r e t a i n e d  w i th in  the  s o i l  f o r  long 
periods and a f t e r  r a i n s  d ra in a g e  i s  r e l a t i v e l y  r ap id  i n t o  the  nearby or  
adjacent  g u l l i e s  and s tream c o u r s e s .  I t  i s  th e se  a re a s  which a re  prone 
to i n c i p i e n t  e r o s i o n ,  the i n t e r f l u v e s  being d i s s e c t e d  by th e  c u t t i n g  back 
act ion o f  l i n e s  o f  d ra inage  and g u l l y  systems.
Strong red purp le  o r  v i o l e t  s i g n a t u r e s ,  produced by such g ra s s  sp e c ie s  
as Eriachne d o m in ii  and Sporobolus a u s tr a la s ic u s , a re  c h a r a c t e r i s t i c  o f  
central  i n t e r f l u v e  a rea s  where poor d ra inage  may r e s u l t  in the occurrence  
of s tanding  wate r  a f t e r  the  wet season and the  r e t e n t i o n  o f  s o i l  m ois tu re  
in the c l ay  s o i l s  f o r  longe r  p e r io d s .  As in the  Dugald River lode a r e a ,  
these s p e c t r a l  u n i t s  i n t e r p r e t e d  over  the  covered ground,  c o n t r a s t  with  
the western h a l f  o f  the  frame a rea  dominated by the  b lue green s p e c t r a l  
s ignatures  o f  T r io d ia  pungens and bare ground over nea r  s u r f a c e  and o u t ­
cropping a r g i l l a c e o u s  l im e s to n e ,  c a l c - s i l i c a t e  rocks and q u a r t z i t i c  m a te r i a l  
of the f o o t s lo p e s  o f  the  Knapda’e q u a r t z i t e  range.
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The p l a n t  f requency  d i s t r i b u t i o n  along t r a n s e c t  4 r e v e a l s  t h a t  the  
blue green s i g n a t u r e  co r respond ing  to  bare ground w ith in  s p e c t r a l  u n i t  
11, to the  west  o f  the p l a n t  anomaly,  i s  c o i n c i d e n t  with  a s p a r s e  ground 
cover of  the  p ione e r  p l a n t  B u lb o s ty l i s  b arba ta  whose i n f r a - r e d  r e f l e c t a n c e  
within t h i s  a rea  must be n e g l i g i b l e  (F ig .  56).  In a d d i t i o n ,  i t  i s  a l s o  
evident t h a t  t h i s  s p e c ie s  occurs  where high c o n c e n t r a t i o n s  o f  copper ,  
cobalt and z in c  occur  in the  s u r f a c e  s o i l s ,  both to the  west  and e a s t  
of the anomalous p l a n t  community. To the  w es t ,  however, the  b lue  green 
signature o f  the  a re a s  o f  bare ground w i thou t  t r e e s  and s u p p o r t in g  a 
sparse ground cover  o f  Enneapogon p o ly p h y llu s  and B u lb o s ty l is  b a rb a ta  
are c o in c id e n t  with  anomalous c o n c e n t r a t i o n s  o f  c o b a l t  in the  s u r f a c e  so i l  
over the ou tc rop  o f  sha ly  mudstones and t h e i r  boundary with the  l im es tone  
agglomerate (F ig .  56).
Comparison o f  the  i n f r a - r e d  s p e c t r a l  u n i t s  and s p e c ie s  f requency  
d i s t r i b u t i o n  with  the copper ,  c o b a l t ,  z i n c ,  lead  and i ron  c o n t e n t  in the 
plant t i s s u e  of  t r e e ,  sh rub ,  he rb ,  and g ra s s  s p e c ie s  and in the  minus 80 
and minus 270 f r a c t i o n s  o f  the  s u p por t ing  s o i l s  sampled along t r a n s e c t  4,  
confirms the  c on t ro l  o f  t o x i c  l e v e l s  o f  copper ,  z i n c ,  and c o b a l t  over the  
lode zone where only  E riachne m ucronata  and B u lb o s ty l i s  b a rb a ta  are  ab le  
to surv ive (F ig s .  57,  58,  59,  60 and 61) .
The copper ,  z in c  and i ro n  c o n t e n t  w i th in  the  p l a n t  t i s s u e s  o f  e s p e c i a l l y  
ground cover  s p e c i e s ,  sampled a c ro s s  the  lode zone,  i s  h igh ,  co r respond ing  
to the h igh ,  anomalous c o n c e n t r a t i o n s  o f  the metal  which occur in the 
surface s o i l  (F ig s .  57,  59 and 61) .  Although the  h ig h e s t  metal c o n t e n t  occurs  
within the i n d i c a t o r  s p e c ie s  E riachne m ucronata  and B u lb o s ty l i s  barbata:, 
the biogeochemical  anomaly over  the  lode zone i s  most s t r o n g l y  r evea led  
by the z in c ,c o p p e r  and i ron  c o n t e n t  in the  p l a n t  t i s s u e  o f  samples o f  
Triodia punge?is (F igs .  59 , 57 and 61) .
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In c o n t r a s t ,  the a n a l y t i c a l  da ta  f o r  c o b a l t  i s  i n t e r e s t i n g ,  as  the 
anomalous c o n c e n t r a t i o n s  o f  metal  in th e  s u r f a c e  so i l  over the  lode zone 
are exceeded to  the  west  by a prominent  geochemical s o i l  anomaly which 
at ta ins  540 ppm over the  s h a ly  mudstone - l imes tone  agglomerate boundary 
(Fig. 58). Although the  c o b a l t  c o n t e n t  o f  the  ground s p e c ie s  T r io d ia  
p u n g e n s  and Enneapogon p o ly p h y llu s  i s  above average over t h i s  zone,  the 
most s t r i k i n g  high l e v e l s  o f  metal occur  w i th in  the  p l a n t  t i s s u e  o f  
samples o f  E uca lyp tu s te r m in a l is  and E, papuana which sugges ts  t h a t  th e se  
species are p robably  drawing upon r i c h e r  metal sources  a t  r o o t i n g  depth 
(Fig. 58).
Although v a r i a t i o n s  o f  such param ete rs  as s o i l  c o v e r ,  geo logy,  s o i l  
moisture and e s p e c i a l l y  d ra ina ge  w i th in  the  phys ica l  env ironment o f  t h i s  
area are seen to i n f lu e n c e  the  d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  
in te rp re ted  from the  i n f r a - r e d  imagery ,  in the  v i c i n i t y  o f  the  m in e ra l i z e d  
te r r a in ,  as  e v i d e n t  in the Dugald River  lode a rea  immediately t o  the  s o u th ,  
the dominant in f lu e n c e  c o n t r o l l i n g  the d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e  
and vege ta t ion  u n i t s  i s  the  p resence  o f  anomalous c o n c e n t r a t i o n s  o f  t o x i c  
trace elements  in the  s o i l  which have emanated from an ore d e p o s i t .
The i n i t i a l  s t u d i e s  over  the  Dugald River lode and Ausminda a r e a s  
demonstrated t h a t  a t  the  1 :15 ,000 s c a l e  i t  was p o s s i b l e  to  re c o g n i se  the  
individual p l a n t  sp ec ie s  making up the  ground v e g e t a t i o n ,  as well as the  
vegetation a s s o c i a t i o n s ,  by t h e i r  d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  on the 
colour i n f r a - r e d  pnotography.  S p e c t ra l  s i g n a t u r e s  i d e n t i f i e d  f o r  the  geo- 
botanical anomaly forming s u r f a c e  ex p re s s io n  o f  the  Dugald River  l e a d ­
line lode and o t h e r  v e g e t a t i o n  u n i t s  w i th in  t h i s  a rea  in a s s o c i a t i o n  with 
ground i n v e s t i g a t i o n s ,  formed th e  r e f e r e n c e  base fo r  f u r t h e r  s t u d i e s  of  
the multi  s p e c t r a l  photography cover ing  d i f f e r e n t  envi ronments w i th in  the
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Dugald River lode a rea  where bedrock m i n e r a l i z a t i o n  was known to  occur .  
These f u r t h e r  i n v e s t i g a t i o n s  over much s m a l l e r ,  l e s s  pi eminent  zones o f  
predominently copper  m i n e r a l i z e d  bedrock were concerned with  e s t a b l i s h i n g  
whether r e l a t i o n s h i p s  between i d e n t i f i e d  s p e c t r a l  s i g n a t u r e s ,  v e g e t a t i o n  
units and envi ronmenta l  pa ramete rs  i n f l u e n c in g  t h e i r  d i s t r i b u t i o n  were 




The r e c o g n i t i o n  and I n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s  d i s p la y e d  on 
f a l s e  c o lo u r  i n f r a - r e d  imagery o f  m i n e r a l i z e d  t e r r a i n  sou th  o f  the 
Dugald River  lode • ■•'T'' y
South o f  the  Dugald River  lo d e ,  s i m i l a r  anomalous p l a n t  communit ies ,  
producing a d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e  on i n f r a - r e d  f a l s e  c o lo u r  
f i lm,  were lo c a t e d  in  two c o n t r a s t i n g  environments where the s u r f a c e  
geology r e v e a le d  no i n d i c a t i o n  o f  p o s s i b l e  m i n e r a l i z a t i o n .  A c lo se  
r e l a t i o n s h i p  between s o i l  c h a r a c t e r i s t i c s  and the d i s t r i b u t i o n  of  
v ege ta t ion  u n i t s  su r rounding  the se  communit ies was e v i d e n t  in both the  
covered ground and a l l u v i a l  s o i l s  o f  the  Dugald River  f l o o d p l a i n ,  nor th  
of  Roseby homestead,  and the  c o n t r a s t i n g  geomorphology and phys ica l  
environment o f  the Godkin r e g io n ,  where red sandy s o i l s ,  developed on 
mixed a l l u v i a l  and r e s id u a l  m a t e r i a l ,  and sandy r e g o l i t h s  a re  r e s p e c t i v e l y  
c h a r a c t e r i s t i c  o f  leve l  i n t e r f l u v e s  and a rea s  o f  ou tc ropp ing  bedrock .
The number, range and complexity  o f  d i s t r i b u t i o n  o f  the  s p e c t r a l  
s igna tu re s  p r e s e n t  w i th in  the Roseby homestead a rea  o f f e r e d  a s u i t a b l e  
oppor tun i ty  to compare th e  in fo rm a t io n  y i e l d e d  by photography a t  the 
1:15,000 and 1 :5 ,000  s c a l e s  and employ a d d i t i v e  viewing te chn iques  
for  the enhancement o f  s p e c t r a l  s i g n a t u r e s .
5.1 The Roseby homestead area
The d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  recorded  on the i n f r a - r e d  c o lou r
photography revea l  t h a t  t h i s  f l o o d p l a i n  a r e a ,  lo c a te d  to  the  west  o f  the  
Dugald River ,  i s  comprised o f  th r e e  phys iograph ic  zones which a re
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recogn isab le  by t h e i r  c h a r a c t e r i s t i c  v e g e t a t i o n  cover and s o i l s .  The 
Dugald River with  i t s  a s s o c i a t e d  le vee  zone in the south  e a s t  i s  
separa ted  from th e  nor th  west  p l a i n l a n d s  by an a r c u a t e  a rea  o f  h ighe r  
ground running p a r a l l e l  to  the  r i v e r .  Within each envi ronment,  because 
there i s  c o n s id e r a b l e  s u p e r f i c i a l  cover ,  the n a tu re  and composi t ion  of  
the v e g e t a t i o n  i s  r e l a t e d  to d ra inage  c o n d i t i o n s ,  s o i l  type and dep th ,  
and the s o i l  geochemis try r a t h e r  than the c a l c - s i l i c a t e  bedrock which 
u nder l ie s  the  r eg ion .
5.1.1 I n t e r p r e t a t i o n  o f  the s p e c t r a l  s i g n a t u r e s  recogn ised  on the  f a l s e  
c o lou r  i n f r a - r e d  photography
The Dugald River  f l o o d p l a in  s o i l s  suppor t  a g r e a t  v a r i e t y  o f  g rass  
and herb s p e c ie s  which occur  in d i f f e r e n t  combinations  and in  va ry ing  
d e n s i t i e s  to form a vary ing  amount o f  ground cove r ,  thus producing a 
complexity o f  i n f r a - r e d  s p e c t r a l  s i g n a t u r e s ,  many o f  which a re  s i m i l a r  
in tone .  Such complex ity o f  d e t a i l  r e s u l t e d  in mapping which n e c e s s i t a t e d  
the use o f  combined s p e c t r a l  s i g n a t u r e  u n i t s  a t  the  1 :15 ,000 s c a l e .  The 
1:5,000 s c a l e  imagery was t h e r e f o r e  used f o r  more d e t a i l e d  i n t e r p r e t a t i o n  
s tud ies  o f  the p r in c i p a l  a rea  o f  i n t e r e s t  around the anomalous p l a n t  
community.
( i ) I n t e r p r e t a t i o n  o f  the  1:15,000 s c a l e  photography
The s p e c t r a l  s i g n a t u r e s  which may be recognised  over  s u c c e s s iv e  frame 
areas a re  shown on Fig.62.  As may be seen over  a l a r g e  p a r t  o f  th e  a r e a ,  
ind iv idual  s i g n a t u r e s  could no t  be mapped because o f  t h e i r  l i m i t e d  a rea s  
of d i s t r i b u t i o n  and hence combined s p e c t r a l  s i g n a t u r e  u n i t s  were predom­
in a n t ly  i d e n t i f i e d  a t  t h i s  s c a l e .  However, the  s p e c t r a l  s i g n a t u r e  (1) o f  
the anomalous p l a n t  community, dominated by E riachne m ucronata  and 


























be d i s t i n g u i s h e d  by i t s  unique blue green tone ,  smooth t e x t u r e  and 
c l e a r ly  d e f in e d  con t inuous  d i s t r i b u t i o n  from the  mosaic p a t t e r n  o f  bare 
ground, rock ou tc rop  and o t h e r  s i g n a t u r e  u n i t s  which i t  t r a n s g r e s s e s  f o r  
a d i s t a n c e  o f  over  600m a long  th e  geo log ica l  s t r i k e  ( P l a t e  12).
The g e n t ly  s lo p in g  ground to  the west  o f  the  anomalous p l a n t
community su p p o r t s  s c a t t e r e d  E u ca lyp tu s  t r e e s  and a ground cover  o f  
various g r a s s e s  dominated by Enneapogon p o ly p h y llu s  produc ing a red -  
purple r e f l e c t a n c e  ( s p e c t r a l  u n i t  4) and with  v a r i a b l e  amounts o f  
Eriachne dom in ii^  A r i s t i d a  c o n to r ta ^  Chrysopogon fa l la x j ,  Sporobolus  
a u s tra la s ic u s  and bare  ground being r e s p o n s ib l e  f o r  rod p u r p l e ,  v i o l e t  
and b lue green o r  white s i g n a t u r e s  ( s i g n a t u r e s  32, 26, 29, 6 , 16 and 17 
in combined s p e c t r a l  u n i t s ) .  Eas t  o f  the anomalous p l a n t  community, an 
area o f  t h i n ,  sandy s k e l e t a l  s o i l s ,  over  near  s u r f a c e  and ou tc ropp ing  
bedrock, i s  c h a r a c t e r i s e d  by a s p a r s e  growth o f  B u lb o s ty l i s  b a rb a ta  and 
F im b r is ty l is  sp , a f f ,  F,  d ichotom a  whose weak r e f l e c t a n c e  produces  a blue 
green to  white s i g n a t u r e  which i s  i n t e r p r e t e d  as t h a t  o f  l a r g e l y  bare a rea  
over c a l c - s i l i c a t e  rock in s p e c t r a l  u n i t  19.
F a r t h e r  e a s t ,  over  the  g e n t ly  s lo p in g  i n t e r f l u v e s ,  s c a t t e r e d
E ucalyptus  t r e e s  and a ground cover  o f  E riachne d o m in ii and Sporobolus  
a u s tr a la s ic u s  with  much bare ground,  produces a complex p a t t e r n  o f  red 
purp le ,  v i o l e t  and blue green and white  s i g n a t u r e s  ( s p e c t r a l  u n i t s  
2, 3, 29,  17 and 16).  Where Enneapogon p o ly p h y llu s  and Sporobolus  
a u s tra la s ic u s  occur t o g e t h e r  they produce the  greyed purp le  o f  s p e c t r a l  
unit  6 , c h a r a c t e r i s t i c  o f  small i n t e r f l u v e  a r e a s  between t r i b u t a r y  
drainage courses  and d i s s e c t e d  g u l l y  a r e a s .  A cacia  c h ish o lm ii  shrubs  
occur along  d ra inage  l i n e s  and in g u l l i e s  where they may be dominant 
over a ground cover  o f  A r i s t i d a  c o n to r ta ^  Enneapogon p o ly p h y llu s  and 
Eriachne d o m in ii producing a c h a r a c t e r i s t i c  red pu rp le  (62D + 68D) 
s igna tu re  ( s p e c t r a l  u n i t  30) .  On the  sandy margins o f  the levee  zone
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near t h e  Dugald River ,  A r i s t i d a  c o n to r ta  and bare ground a re  r e s p o n s ib l e  
for  th e  r e s p e c t i v e  red pu rp le  and blue green o r  white s i g n a t u r e s  
( s p e c t r a l  u n i t s  7, 17, and 16) .
The lower ground to the  n o r th  west  o f  the anomalous p l a n t  community 
suppor ts  communit ies  with A cacia  camhagei t r e e s  and a ground cover  o f  
Sporobolus a c tin o c la d u s 3 D a c ty lo cten ium  r adulons  o r  E riachne d o m in ii and 
Sporobolus a u s tr a la s ic u s  with  v a r i a b l e  amounts of  bare ground g iv ing  a 
combination o f  p u r p l e ,  v i o l e t ,  blue green and white s i g n a t u r e s  ( s p e c t r a l  
un i t s  34, 29 and 16) .  The more v a r i e d  s o i l s  o f  t h i s  r e g io n ,  de r ived  
from c o l l u v i a l  and a l l u v i a l  m a t e r i a l ,  suppor t  o th e r  g ras s  s p e c ie s  such 
as Enneapogon p o ly p h y llu s  and A r i s t i d a  c o n to r ta  and in the  m o i s t e r  a r e a s ,  
c h a r a c t e r i s e d  by broad d ra inage  ch a n n e l s ,  Cenchrus p e n n is e t i fo r m is ^  
E ra g ro stis  desertorum ^ Chrysopogon f a l l a x  and B o th rio ch lo a  ew a rtia n a -  
a l l  o f  which produce red p u rp le  o r  pu rp le  s ig n a t u r e s  ( s p e c t r a l  u n i t s  
32, 37, 24, 26, 31 and 7 ) .  Bare ground i s  e s p e c i a l l y  common to  the  no r th  
where e x t e n s i v e  c l a y  s u r f a c e s ,  producing a white s i g n a t u r e  ( s p e c t r a l  u n i t  
16), a r e  a s s o c i a t e d  with  b road ,  sha l low d ra inage  zones.  To the  s o u th ,  
darker and deeper  c l a y  s o i l s  with a s p a r s e  cover  o f  D a cty loc ten ium  ra du lans  
and Chrysopogon f a l l a x  combine to produce a pa le  v i o l e t  (85D) s ig n a t u r e  
( s p ec t r a l  u n i t  36).
In the  v i c i n i t y  o f  the  Dugald R ive r ,  the  s p e c t r a l  s i g n a t u r e s  e x h i b i t  
c o n t r a s t i n g  s t r o n g e r  i n f r a - r e d  r e f l e c t i o n  due to the g r e a t e r  s o i l  m o is tu re  
a v a i l a b l e .  In a d d i t i o n  to the  red p u rp le  o f  the g a l l e r i e s  o f  E u ca lyp tu s  
cam uldulensis^  M ela leu ca 'sp p . t r e e s  and th e  blue green o r  white s i g n a t u r e s  
of bare  a r e a s  o f  sand and gravel  ( s p e c t r a l  u n i t  20) ,  in the  r i v e r  zone,  
Cenchrus p e 'n n is e t ifo rm is  and Chrysopogon f a l l a x  are r e s p o n s ib l e  f o r  s t rong  
fed p u rp le  and v i o l e t  s i g n a t u r e s  ( s p e c t r a l  u n i t s  24 arid 26) over  the 
sandy s o i l s  o f  the a d j a c e n t  levee  a r e a .  Bare ground,  c h a r a c t e r i s e d  by 
surface  rock d e b r i s  and a s s o c i a t e d  with  d ra inage  channe ls  and a r e a s  o f
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gully e r o s i o n ,  a l s o  produces s t r o n g e r  blue green s i g n a t u r e s  ( s p e c t r a l  
unit  17).  Enneapogon p o ly p h y llu s  and Cleome v isc o s a  o c c a s i o n a l l y  occur 
on the levee  margin producing  v a r i e d  combinations o f  s p e c t r a l  s i g n a t u r e s  
over sands ,  sandy c lay  loams and c l a y  de r ived  from admix tu res  o f  c o l l u v i a l  
and a l l u v i a l  m a te r ia l  ( s p e c t r a l  u n i t  31).
A former d ra inage  l i n e  o f  the Dugald River in the  south  wes t ,  now 
a marshy dep re s s io n  c h a r a c t e r i s e d  by deep,  dark brown to b lack  c lay  s o i l s ,  
supports  a. dense v e g e t a t i o n  o f  very c l o s e l y  spaced E ucalyptus  and A ta la ya  
hemiglauca  t r e e s  wi th a complex ground cover o f  t a l l  Chrysopogon fa lla x ^  
Themeda a u s tra lis^  B o th rioch loa  ew artian a  and Sporobolus a c tin o c la d u s  
grass sp e c ie s  and produces a very s t r o n g  and s t r i k i n g  red p u r p l e ,  purp le  
v i o l e t  (74C + 82D) i n f r a - r e d  s i g n a t u r e  ( s p e c t r a l  u n i t  35) .  Within t h i s  
depress ion  a small w ate r logged  a rea  suppo r t s  an a s s o c i a t i o n  o f  Sporobolus 
actinocladus^ C h lo ris  p e c tin a ta  and I se ile m a  macratherum  which i s  r e spon­
s ib le  f o r  the b lue green (121B + 123D) s ig n a t u r e  o f  s p e c t r a l  u n i t  27.
T rio d ia  pungens  and i t s  a s s o c i a t e d  dark blue green s i g n a t u r e  i s  
n o t i ceab ly  ab s en t  from t h i s  reg ion  and on ly  occurs  in a s p a r s e  d i s t r i b u t i o n  
in the extreme nor th  west  o f  the  a rea  ( s p e c t r a l  u n i t  10) and as a 
c o n s t i t u e n t  s i g n a t u r e  e lement on e l e v a t e d  ground a d j a c e n t  to the  le vee  
in the sou th .
( i i ) I n t e r p r e t a t i o n  o f  the  1 :5 ,000  s c a l e  photography
The in d iv id u a l  s p e c t r a l  s i g n a t u r e s  recogn ised  f o r  the frame cover ing  
the p r in c i p a l  a rea  o f  i n t e r e s t  a r e  shown in F ig .64 ,  and the  r e l a t i v e  
area covered in r e l a t i o n  to th e  1 :15 ,000 s c a l e  in Fig. 63 .  Although the  
basic d i s t r i b u t i o n  o f  s p e c t r a l  u n i t s  remains the  same, s m a l l e r  and more 
d e t a i l e d  u n i t s  a re  i d e n t i f i e d  a t  t h i s  s c a l e  and consequen t ly  th e re  a re  
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the s i z e  and e x t e n t  o f  c e r t a i n  s p e c t r a l  u n i t s ,  c r e a te d  one new s ig n a tu r e  
( spec tra l  u n i t  11) and i d e n t i f i e d  th re e  s ig n a tu r e s  a^ . independent  u n i t s  
( spec tra l  u n i t s  4,  31 and 33) which were formerly only p r e s e n t  as c o n s t i t ­
uent elements in combined s i g n a t u r e s .
G rea te r  image d e t a i l  r e v e a l s  t h a t  s i g n i f i c a n t  p ro p o r t io n s  o f  the 
area a d j a c e n t  to the anomalous p l a n t  community, p rev ious ly  i n t e r p r e t e d  
as bare ground a s s o c i a t e d  with  rock outc rop ( s p e c t r a l  u n i t  19) ,  do in 
fac t  c o n s i s t  o f  widely spaced Eviaohne mucronata  spec ies  t o g e th e r  with 
subs id ia ry  B u lb o styH s barba ta  and F im b r is ty lis  sp , a f f ,  F, dichotoma 
pioneer p l a n t s ,  and consequent ly  the anomalous p l a n t  community s ig n a t u r e  
( spec t ra l  u n i t  1) has been expanded to inc lude  these  a rea s  (P la t e  12).
On the wes te rn  margins o f  the anomaly, a new s p e c t r a l  u n i t  33 i s  i d e n t i f i e d  
where B u lb o s ty l is  barbata^, F im b r is ty lis  sp , a f f ,  F, dichotoma  and 
Cleome v is c o s a  are dominant in an a s s o c i a t i o n  with Env,eapogon p o ly p h y llu s  
which produces a red purp le  (73C + 73D) s ig n a t u r e .
West o f  the anomalous p l a n t  community, the red purp le  s ig n a t u r e  
of Enneapogon p o ly p h y llu s  ( s p e c t r a l  u n i t  4 ) ,  dominant in the  ground cover ,  
i s  i n t e r p r e t e d  f o r  d i s c r e t e  a rea s  as well as the  purple - blue green 
(76D + 123D) s ig n a tu r e s  where t h i s  spec ies  i s  co-dominant with Cleome 
v isco sa  ( s p e c t r a l  u n i t  31).  C o n s t i t u en t  elements o f  A r is t id a  c o n to r ta  
( sp ec t r a l  u n i t  7) can a l so  be d i s t i n g u i s h e d  in the combined s ig n a t u r e s  
as well as d i s c r e t e  a rea s  o f  Chrysopogon f a l la x  ( s p e c t r a l  u n i t  26) and 
Cenchrus p en n ise tifo rm is  ( s p e c t r a l  u n i t  24) e s p e c i a l l y  in sha llow,  broad 
drainage zones.  Fur ther  to the nor th  west  o f  the frame,  independent  
s ig n a tu re  u n i t s  are i d e n t i f i e d  as e x i s t i n g  wi th in  the  A cacia cambagei 
zone, bare c lay  ground ( s p e c t r a l  u n i t  16) and the  Eriachne dominii^ 
Sporobolus a u s tra la s ic u s  a s s o c i a t i o n  ( s p e c t r a l  unit: 29) forming ty p ica l  
examples. However, where A cacia cambagei t r e e s  occur  over d i f f e r e n t  grass  
spec ies  and bare ground i s  common, combined s ig n a tu r e s  a re  s i m i l a r l y  
p reva len t .
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The Roseby homestead anomalous p lan t community, dominated by 
^viachne muovonata and B u tb o e ty l is  barba ta j as seen from the 
ground and on the fa ls e  colour in fra -red  imagery.
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PLATE 12. The Roseby homestead anomalous p l a n t  community, dominated by 
Eriachne mucronata  and B u lb o s ty l is  barbata^  as seen from the  




Film 28 Frame 277
Infra red colour film*, individual spectral signatures
FIGURE 64 ( I n t e r p r e t a t i o n  by T.E. Beaumont and M.M. Cole)














































East  o f  the anomalous p l a n t  community, the  v i o l e t  s i g n a t u r e  o f  the 
E-piachne dominii^ Spovoholus ccu stra lasicus  a s s o c i a t i o n  ( s p e c t r a l  u n i t  
29) i s  dominant,  a l though a g r e a t e r  d i s c r i m i n a t i o n  o f  the two ind iv idua l  
spec ies ,  e s p e c i a l l y  the  l a t t e r ,  i s  p o s s i b l e  on the i n t e r f l u v e  a r e a s .
Where the d i s t r i b u t i o n  o f  sp e c ie s  i s  complex, on the  lower d r a in i n g  
slopes,  combined s i g n a t u r e s  a re  s i m i l a r l y  i n t e r p r e t e d  from the  imagery, 
but small a r e a s  o f  Ennectpogon po lyphyllu s^  Sporobolus ccu stra lasicus  
( spec t ra l  u n i t  6 ) and Enneapogon p o ly p h y l lu s T r io d ia  pungens  ( s p e c t r a l  
unit  11) can be d i s t i n g u i s h e d  in a d d i t i o n  to d i s c r e t e  blue green o r  white 
s igna tu res  o f  hare ground u n i t s  ( s p e c t r a l  u n i t s  16 and 17) which a re  
mainly a s s o c i a t e d  with d ra inage  a r e a s .
Throughout the e a s t e r n  a rea  the c o n s t i t u e n t  s i g n a t u r e  elements  o f  
Eriachne dominii^ Sporobolus ccustralasicus^ Enneapogon po lyph y llu s^  •
A ris tid a  c o n to r ta  and bare a rea  ( s p e c t r a l  u n i t  17) a re  dominant in 
the combined s p e c t r a l  u n i t s .  The l a rg e  area  o f  s p e c t r a l  u n i t  30,  i n t e r ­
preted a t  the sm a l l e r  s c a l e  to the  e a s t  o f  the anomaly, i s  broken down 
into i t s  c o n s t i t u e n t  p a r t s  a t  t h i s  l a r g e r  s c a l e ,  a l though t h i s  s p e c t r a l  
unit  i s  s t i l l  p r e s e n t  in  d ra inage  course a re a s  where i t  i s  u s u a l l y  
combined with  the red pu rp le  s i g n a t u r e  o f  Cenchrus p e n n ise tifo rm is  
(spec tra l  u n i t  24).  To the so u th ,  d e t a i l e d  r e c o g n i t i o n  o f  l i g h t e r  toned 
red purp le  s ig n a t u r e  e l em en t s ,  produced by A r is t id a  c o n to r ta  ( s p e c t r a l  
unit 7 ) ,  has in c re as ed  i n t e r p r e t a t i o n  accuracy  in the composi t ion o f  
combined specti^a’i s i g n a t u r e  u n i t s .
On F i g . 65,  us ing  ground t r u t h  in fo rm a t io n ,  the number o f  s p e c t r a l  
s igna ture  u n i t s  has been reduced to t h i r t e e n  by grouping a r e a s  dominated 
by the s ig n a t u r e s  f o r  in d iv id u a l  spec ie s  o r  a s s o c i a t i o n s  such as 
Enneapogon p o ly p h y llu s  -'('^pecira] u n its  4, 31, 33 + 6 e t c ) .  A cacia  
cambagei ( s p e c t r a l  u n i t s  34, 34 + 7 e t c ) .  A cacia  ch ish o lm ii  ( s p e c t r a l  
units 30, 30 + 29 e t c ) ,  A.cacia cambagei with  some e lement o f  bare  ground
177
( spec t ra l  u n i t s  34 + 16, 29 + 34 + 16 e t c ) ,  Sporobolus ccustralasicus^  
Eriachne dom in ii a s s o c i a t i o n  ( s p e c t r a l  u n i t s  29, 29 + 2 e t c )  or  by bare 
ground ( s p e c t r a l  u n i t s  16, 17 e t c ) .
In a d d i t i o n ,  s i g n a t u r e s  c h a r a c t e r i s e d  by a mosaic o f  red pu rp le  
and blue green tonal  e l em en t s ,  produced by a broken p a t t e r n  o f  g ras s  
species and bare ground ( s p e c t r a l  u n i t  17),  have been grouped ( s p e c t r a l  
uni ts  29 + 17, 17 + 33 e t c )  as well as s i g n a t u r e  u n i t s  where e i t h e r  
Chrysopogon fa lla m  or  Cenchrus p e n n is e t i formels or Enneapogon p o ly p h y llu s  
occur in combination with Sporobolus a u s tra la s ic u s  or  Eriachne dom in ii 
with no bare ground component ( s p e c t r a l  u n i t s  29 + 4 ,  32 + 2 e t c ) .  The 
v io l e t  s i g n a t u r e  o f  Chrysopogon f a l l a x  i s  a l s o  inc luded  w i th in  t h i s  group 
as the s p ec ie s  d i s t r i b u t i o n  i s  s i m i l a r  to t h a t  of  the o th e r  s p e c t r a l  . 
u n i t s ,  w h i l s t  the  greyed pu rp le  s i g n a t u r e  o f  the  Sporobolus a u stra la s icu s^  
Enneapogon p o ly p h y llu s  a s s o c i a t i o n  i s  d i s t i n c t  and consequen t ly  c l a s s i f i e d  
as an in d iv id u a l  group.
The s i m p l i f i c a t i o n  and grouping o f  s p e c t r a l  s i g n a t u r e s  p r e s e n t s  
a c l e a r  p i c t u r e  o f  the  main c a t e g o r i e s  o f  v e g e t a t i o n  whose d i s t r i b u t i o n  
is  in f luenced  mainly by the  s o i l  environment .  In a d d i t i o n ,  the  s p e c t r a l  
u n i t s ,  grouped dominantly on the  i n t e r p r e t a t i o n  of  v e g e t a t i o n  s i g n a t u r e s ,  
usua lly  i n d i c a t e  c h a r a c t e r i s t i c  t e r r a i n  a rea s  where u n i fo rm i ty  o f  ground 
condit ions  i s  r e l a t e d  to e i t h e r  the  geology,  so i l  cover ,  geomorphology 
or o th e r  environmental  paramete rs  and consequen t ly  the  mapping o f  such 
units  can form a s u i t a b l e  b a s i s  o r  i n i t i a l  framework f o r  t e r r a i n  
c l a s s i f i c a t i o n .
5.1.2 Comparison of  t h e i n t e r p r e t a t i o n  o f  1:15,000 and 1 :5 ,000 s c a l e
' ’ photography in t he Roseby homestead area
A comparison o f  the photography flown a t  a s c a l e  of  1 -5 ,000  With t h a t
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of the g r e a t e r  coverage a t  1 :15,000 invo lves  an e v a l u a t i o n  o f  the  na tu re  
and amount o f  r e l e v a n t  in fo rm a t ion  which i s  e i t h e r  gained  or  l o s t  due to 
the improved r e s o l u t i o n  o f  the  imagery,  wea lth  of  d e t a i l  and o v e ra l l  
reduct ion  in the  t o t a l  ground a rea  covered by one frame. Within the  
Roseby homestead a r e a ,  as in  o th e r  l o c a l i t i e s  o f  the  Dugald River reg ion  
where i n t e r p r e t a t i o n  has been c a r r i e d  ou t  on both the  1 :15,000  and 1 :5 ,000  
scale imagery,  i t  i s  necessa ry  to  c o n s id e r  what v e g e t a t i o n  and ground 
fea tu res  a r e  b e s t  seen a t  each s c a l e .
In g e n e r a l ,  the 1 :15 ,000 s c a l e  imagery i s  p r e f e r a b l e  f o r  the  i n t e r ­
p r e t a t i o n  o f  ground s u r f a c e  phenomena, as un l ike  the  1 :5 ,000  s c a l e ,  the  
information p re sen te d  i s  no t  too d e t a i l e d  f o r  the  r e c o g n i t i o n  o f  the 
i n f r a - r e d  s p e c t r a l  s i g n a t u r e s  o f  p l a n t  communit ies ,  s o i l  types  and 
bedrock u n i t s .  The g r e a t e r  a rea  covered on one frame a t  t h i s  s c a le  
(Fig. 63) f a c i l i t a t e s  the  r e c o g n i t i o n  o f  p h o t o - p a t t e r n s ,  the  b roader  
d i s t r i b u t i o n s  o f  s p e c t r a l  u n i t s  and the  c o n s i d e r a t i o n  o f  s p a t i a l  r e l a t i o n ­
ships with  r e s p e c t  to the  phys ica l  envi ronment .
Although the s p e c t r a l  s i g n a t u r e s  produced by c h a r a c t e r i s t i c  
vegeta t ion  a s s o c i a t i o n s  a re  b e s t  seen a t  th e  1:15,000 s c a l e ,  in a reg ion  
of complex v e g e t a t i o n  such as the Roseby homestead a r e a ,  d i s c r i m i n a t i o n  
of the i n d iv id u a l  p l a n t  communit ies  i s  d i f f i c u l t  un less  r e c o g n i s a b l e  
s igna tu res  cover  q u i t e  l a r g e  a re a s  on the ground.  S i m i l a r l y  where a 
wide range o f  sp ec ie s  occurs  in a r e l a t i v e l y  small a r e a ,  the  1:15,000 
scale  only  permi ts  the  i n t e r p r e t a t i o n  o f  in d iv idua l  s p e c i e s ,  p l a n t  
assemblages and small p l a n t  communit ies  as c h a r a c t e r i s t i c  tonal  elements  
within much l a r g e r  s p e c t r a l  u n i t s .
The p reva lence  o f  such r e s u l t i n g  combined s i g n a t u r e s  p r e s e n t s  
d i f f i c u l t i e s  o f  mapping and r e p r e s e n t a t i o n ,  and i.iost o f t e n  the d e t a i l e d  
spec t ra l  s i g n a t u r e  maps p r e s e n t  no c l e a r  v i sua l  p a tce rn  but  on ly  a
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confused p i c t u r e  o f  l i n e s  and numbers. For example, to the west  o f  the 
anomalous p l a n t  community, on F ig .5 2 ,  the  i n t e r p r e t e a  s i g n a t u r e s  o f  
communities dominated by the s o f t  g ras s  s p e c i e s ,  Enneapogon p o lyph y llu s^  
Eriachne dominii^ Sporobolus a u s tra la s io u s  and A r is t id a  c o n to r ta  and 
bare ground a r e  combined in  the  s p e c t r a l  u n i t  4 + 32 29 + 17 which,
toge ther  with the  a d j a c e n t  combined s ig n a t u r e  u n i t s ,  r e v e a l s  l i t t l e  o f  
the d i s t r i b u t i o n a l  p a t t e r n  o f  the  i n f r a - r e d  s i g n a t u r e s  and p l a n t  
communities involved .  However, where a p l a n t  community i s  d i s t i n c t  and 
e xh ib i t s  sharp boundar ie s ,  a r e a s  as small as 8m ac ross  can be re so lv ed  
a t  t h i s  s c a l e ,  as e x h i b i t e d  by the  sou the rn  ex tens ion  o f  the  anomalous 
plant  community.
Although a much s m a l l e r  a rea  i s  covered a t  the 1 :5 ,000  s c a l e ,  the  
g rea te r  amount o f  d e t a i l  p r e s e n t e d ,  due to the  improved r e s o l u t i o n  
obtained by f l y i n g  a t  lower a l t i t u d e ,  enab les  a g r e a t e r  number o f  
indiv idual  p l a n t  spec ie s  to be d i s c r i m in a t e d  with the  r e s u l t  t h a t  more 
spec tra l  u n i t s  can be mapped and r e p re s e n t e d  more e a s i l y  with  l e s s  
re l i ance  on combined s i g n a t u r e s .  Improved r e s o l u t i o n ,  producing g r e a t e r  
d e t a i l ,  o f t e n  r e s u l t s  in l a r g e  u n i t s ,  composed o f  s eve ra l  v e g e t a t i o n  
a s s o c ia t io n s  o r  p la n t  communit ies ,  r ecognised  a t  the sm a l l e r  s c a l e ,  
being broken down a t  a l a rg e  s c a l e  i n t o  ind iv idua l  component elements 
(eg in d iv id u a l  v e g e t a t i o n  a s s o c i a t i o n s ,  combinations o f  p l a n t  communit ies ,  
or in d iv idua l  spec ie s  composing a community) f r e q u e n t ly  r e s u l t i n g  in the  
c rea t io n  o f  new and u s u a l l y  s im p le r  combined s i g n a t u r e s .  For example 
from s p e c t r a l  u n i t  4 + 32 + 29 + 1 7 ( F i g . 5 2 ) ,  recognised  a t  the  
1:15,000 s c a l e ,  the g r e a t e r  d e t a i l  a v a i l a b l e  fo r  the same ground area  a t  
the 1 :5 ,000 sc a le  (Fig. 64) enab les  the  d i s c r e t e  d i s c r i m i n a t i o n  o f  a rea s  
dominated by the  spec ie s  Enneapogon p o ly p h y llu s  ( s p e c t r a l  u n i t  4 ) ,  the  
a s s o c i a t i o n  o f  Enneapogon polyphyZ tus  and AT'i&tida. c o n to r ta  ( s p e c t r a l  u n i t  
4 + 7), the combination o f  Eriachne dominii^ Sporobolus a iis tra la s ia u s
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a s s o c ia t io n  with bare ground ( s p e c t r a l  u n i t  17 + 29),  a rea s  dominantly 
devoid o f  su r f a c e  v e g e t a t i o n  ( s p e c t r a l  u n i t  17) and in a d d i t i o n  new 
s igna tu res  not  i d e n t i f i a b l e  a t  the  1 :15 ,000 s c a l e ,  eg s p e c t r a l  s i g n a t u r e  
33.
Although a l a r g e r  s c a l e  al lows more in fo rm at ion  to be r e p r e s e n t e d ,  
an o vera l l  reg iona l  assessment i s  l o s t  due to the  s m a l l e r  a rea  covered .
This f a c t o r  a lone  r e s u l t s  in the 1:5 ,000 s c a le  on ly  being s u i t a b l e  f o r  
d e ta i le d  i n v e s t i g a t i o n  o f  s p e c i f i c ,  small s c a l e ,  ground s u r f a c e  phenomena 
or r e l a t i o n s h i p s  o ccu r r in g  w i th in  a small a r e a ,  in  both cases  th e  a rea s  
of i n t e r e s t  probably  i n i t i a l l y  being recognised  a t  the  s m a l l e r  s c a l e .
Where the boundary between d i s c r e t e  p l a n t  communities i s  sh a rp ,  a rea s  
as l i t t l e  as  3m ac ro s s  can be r e s o lv ed  a t  t h i s  s c a l e ,  as e x h i b i t e d  once 
more by the sou thern  ex ten s io n  o f  the anomalous p l a n t  community.
Consequently f o r  s t u d i e s  o f  v e g e t a t i o n  d i s t r i b u t i o n ,  the  1 :15,000  
scale i s  in  genera l  most s u i t a b l e ,  as a wea lth  o f  d e t a i l  does no t  obscure  
the bas ic  r e l a t i o n s h i p s  and s p e c i f i c  phenomena, such as anomalous p l a n t  
communities, can be d e t e c te d  more r e a d i l y  by r e f e r e n c e  to  t h e i r  p o s i t i o n  
in the environmenta l  complex. However, in  a rea s  o f  complex v e g e t a t i o n ,  
the 1 :5 ,000 s c a l e  may be more s u i t e d  f o r  d i s c r i m i n a t i o n  and c l a s s i f i c a t i o n  
of in d iv idua l  s p e c ie s  as a l s o  in  a rea s  o f  s p e c i f i c  i n t e r e s t  where 
possib le small s c a l e  r e l a t i o n s h i p s  a re  being i n v e s t i g a t e d .
5.1.3 Image enhancement o f  the  1 :5 ,000  s c a le  photography
Photographs from two d i f f e r e n t  f i l m  t y p e s ,  a t  a s c a l e  o f  1 :5 ,0 0 0 ,  were 
studied f o r  the Roseby homestead a rea  using a d d i t i v e  viewing te chn iques  
where simul taneous  p r o j e c t i o n  o f  two f i l m  em uls ions ,  through d i f f e r e n t  
f i l t e r  com bina t ions ,  produced an enhanced image. Most success  in these  
in v e s t ig a t io n s  was achieved  by combining the  imagery on the  i n f r a - r e d
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colour p o s i t i v e ,  p ro j e c t e d  through a red f i l t e r ,  with t h a t  o f  the 
panchromatic imagery (yel low f i l t e r )  nega t ive  p r o j e c t e d  through e i t h e r  
a yel low o r  green f i l t e r .
The s p e c t r a l  s i g n a t u r e s  produced by the  combination o f  the i n f r a ­
red co lou r  imagery wi th a red f i l t e r  and the panchromatic n ega t ive  f i l  
with a green f i l t e r  a re  shown in Fig .66 with the accompanying key 
provided in Table  7. S pec t ra l  s i g n a t u r e  u n i t s ,  produced by p r o j e c t i n g  
the two f i lm  emulsions th rough a combination o f  the primary f i l t e r  
colours o f  red and green f o r  t h i s  frame a r e a ,  a re  seen to  be s l i g h t l y  
d i f f e r e n t  from those produced when the f i l t e r  over the panchromatic 
negative f i lm  i s  changed to the  complementary co lou r  o f  y e l lo w ,  Fig. 67, 
Table 8. As the yel low f i l t e r  absorbs  the  blue l i g h t ,  the  r e s u l t a n t  
red and green l i g h t  from the panchromatic nega t ive  i s  thus  combined 
with the red from th e  i n f r a - r e d  c o lou r  p o s i t i v e .  I t  i s  p o s s i b l e  t h a t  
the g r e a t e r  s p e c t r a l  range o f  l i g h t  al lowed to  be p r o j e c t e d  through 
the ye l low f i l t e r  i s  r e s p o n s ib l e  f o r  the  s u b t l e  d i f f e r e n c e s  o f  tone 
and consequent  c o n t r a s t s  in the recognised  s p e c t r a l  s i g n a t u r e  d i s t r i b u t i o n  
pa t t e rn .
The d i s t r i b u t i o n  o f  s p e c t r a l  u n i t s  and the  boundar ies  between 
them are  b road ly  s i m i l a r ,  both between the two combinations ,  and to  those 
produced by the  i n f r a - r e d  imagery a lo n e .  However, t h i s  combination o f  
f ilm types g r e a t l y  enhances t h e  c o n t r a s t s  between the  ground v e g e t a t i o n  
cover and bare ground, and even more prominently  enhances the crowns of  
t ree  and shrub s p e c i e s .  Tree crowns have l i g h t  tones on b la ck -an d -w h i te  
negative f i lm  wi th dark toned shadows and i t  i s  the l a t t e r  which 
dominantly appear  as the co lo u r  o f  the  f i l t e r  through which the  n ega t ive  
f ilm i s  p r o j e c t e d ,  u s u a l ly  in marked c o n t r a s t  to the  s ig n a t u r e  c o lou r  
tones o f  background a r e a s .
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Improved d i s c r i m in a t io n  between ground v e g e ta t io n  and bare ground 
a n d  enhancement of  changes in  to n e ,  enabled more than one s p e c t r a l  
signature to be i d e n t i f i e d  w i th in  the  anomalous p l a n t  community f o r  both 
film f i l t e r  combinations.  On F i g . 67,  Table 8 , t h i s  i s  e s p e c i a l l y  e v id e n t ,  
as discrimination o f  enhanced s p e c t r a l  s i g n a t u r e s  car  be r e l a t e d  to areas  
dominated by Eriachne mucronata^ Eriachne mucronata  co-dominant with 
Enneapogon po lyph y llu s  and B u lh o s ty l is  harhata.  S im i l a r l y  more than one 
spectral s igna ture  was i d e n t i f i a b l e  on both combinations w i th in  the  
communities to the west  o f  t h e  anomaly where Acacia aambagei was dominant 
in the tree  la ye r  and Enneapogon p o ly p h y llu s  dominant in the ground l a y e r .  
In contrast,  to the e a s t  o f  the  anomalous p l a n t  community, the  numerous 
spectral s igna tures  and combinat ions  o f  s p e c t r a l  s ig n a t u r e s  w i th in  the 
area of covered ground c h a r a c t e r i s e d  by Eriachne donrinii  and Sporobolus 
australasicus  were g r e a t l y  reduced ,  as the d i s t i n c t i o n  between p l a n t  cover 
and bare ground i s  g r e a t e r  than  t h a t  which occurs between the  d i f f e r e n t  
individual spec ies .
Further enhancement o f  the m u l t i s p e c t r a l  imagery was undertaken in 
other areas where a d d i t i v e  viewing te chn iques  were employed using d i f f e r e n t  
combinations o f  the r ed ,  blue and green l a y e r s  of  the two co lou r  f i lm  
emulsions. In o rder  to view and combine the  red ,  blue and green bands,  
black-and-white p o s i t i v e  p l a t e s  were produced pho to g rap h ica l ly  o f  the 
individual laye rs  making up the  t r u e  and f a l s e  co lour  i n f r a - r e d  f i lm.
Using th is  technique i t  was p o s s i b l e  to produce a co lour  composite image 
on the screen, i n d i c a t i n g  the  d i s t r i b u t i o n  and r e l a t i v e  i n t e n s i t y  o f  i n f r a ­
red re f lec t ion ,  by combining e i t h e r  the  green o r  blue l a y e r  o f  the i n f r a ­
red colour f i lm with the i n f r a - r e d  l a y e r  p ro jec ted  through a red f i l t e r .
In all of these s tu d ie s  the h i g h e s t  i n f r a - r e d  r e f l e c t a n c e  was from 
relatively high percentage  cover  of  such grass  spec ies  as Ceyichrus pen n i-  








Film 28 frame 277
Individual spectral signatures produced by a combination of tbe infra red colour 
film witb a red filter and tbe panchromatic film and yellow filter witb a yellow 
filter
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from T riod ia  pungens.  Using var ious  f i l t e r  combinations (eg red f i l t e r  
on i n f r a - r e d  l a y e r  with blue f i l t e r  on green l a y e r  o f  i n f r a - r e d  co lour  
film) i t  was thus  p o s s i b l e  to d i s t i n g u i s h  T riod ia  pungens  dominated a rea s  
from communities dominated by r e l a t i v e l y  high i n f r a - r e d  r e f l e c t i n g  spec ies  
such as Eriachyie dominii^ Sporobolus a u s tr a la s ic u s , Enneapogon p o ly p h y llu s  
e tc .
Consider ing a l l  the imagery enhancement under taken ,  r e l a t i v e l y  l i t t l e  
ext ra in fo rm at ion  was produced a d d i t i o n a l  to t h a t  con ta ined  w i th in  the  
in f r a - r e d  co lou r  imagery. The u s e fu ln es s  o f  the technique  would t h e r e f o r e  
appear to l i e  with  the enhancement o f  phenomena or  r e l a t i o n s h i p s  d e t e c t a b l e  
on co lour o r  b lack -and-w hi te  imagery t h a t  a re  not  always s t r i k i n g l y  obvious 
In some in s t a n c e s  the  enhancement o f  s p e c t r a l  s ig n a tu r e s  may help in the 
i n t e r p r e t a t i o n  and d i s c r i m i n a t i o n  o f  c e r t a i n  p l a n t  communities o r  
a s s o c ia t io n s  in  s p e c i f i c  a r e a s ,  bu t  th roughout these  s t u d i e s ,  the major 
con t ra s t  in recogn ised  s i g n a t u r e s  between bare ground and ground with some 
plant growth tended to be dominant above a l l  o th e r  in fo rm a t ion .  However, 
use o f  a d d i t i v e  viewing te chn iques  in t h i s  s tudy were o f  a p re l im in a ry  
nature and i t  i s  h ig h ly  l i k e l y  t h a t  f u r t h e r  r esearch  and re f inem en t  in 
these techn iques  o f  image a n a l y s i s  w i l l  produce more d e t a i l e d  and informa­
t ive r e s u l t s .
5.1.4 I n t e r p r e t a t i o n  o f  the d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  and 
v e g e t a t io n  u n i t s  in r e l a t i o n  to environmental parameters
The c lo se  r e l a t i o n s h i p  e v i d e n t  between the i n f r a - r e d  s p e c t r a l  
s ignature u n i t s ,  v e g e t a t i o n  a s s o c i a t i o n s  and so i l  cover i s  confirmed by 
the f requency d i s t r i b u t i o n  o f  p l a n t  s p e c ie s  along a t r a n s e c t  l i n e  ( t r a n s e c t  
2, Fig. 68) ,  which a l s o  r e v e a l s  the  complexity o f  the  composit ion o f  the 
ground cover  v e g e t a t io n  whose i n f r a - r e d  r e f l e c t i o n  c h a r a c t e r i s t i c s  a re
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FIGURE 68 P lan t  spec ies frequency d i s t r i b u t i o n  in r e l a t i o n
to su r face  so i l  geochemist ry ,  r e l i e f  and geology 
along t r a n s e c t  2
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FIGURE 69 The copper c o n te n t  o f  the p l a n t  t i s s u e  o f  s e l e c t e d  
sp ec ie s  sampled along t r a n s e c t  2 in r e l a t i o n  to the 
geochemis try  o f  the su r f a c e  so i l
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FIGURE 70 The lead  co n ten t  o f  the  p l a n t  t i s s u e  o f  s e l e c t e d
s p e c ie s  sampled a long  t r a n s e c t  2 in r e l a t i o n  to the 
geochemis try  o f  the su r f a c e  so i l
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dominant in c o n t r i b u t i n g  to the s p e c t r a l  u n i t s  i n t e r p r e t e d  from the 
i n f ra - r e d  imagery.  Within t h i s  a rea  o f  covered ground,  the d i s t r i b u t i o n  
of s pec t ra l  s i g n a t u r e s  and v e g e ta t io n  u n i t s  i s  c l e a r l y  seen to be 
primari ly  r e l a t e d  to the  d i f f e r e n t  s o i l s  o f  the Dugald River f lo o d p la in  
and t h e i r  c h a r a c t e r i s t i c  p r o p e r t i e s ,  o f  which the mineral s t a t u s  and 
moisture regime a re  most s i g n i f i c a n t .
C h a r a c t e r i s t i c  mosaics o f  pu rp le ,  v i o l e t ,  v i o l e t  blue and blue green 
s igna tu re s ,  dominant in the  nor th  wes t ,  a re  produced by an a s s o c i a t i o n  o f  
keacia cambagei t r e e s  and a v a r i a b l e  ground cover most o f t e n  dominated by 
D actyloeteniian radulans^ Sporoholus ac tin o c la d u s  and bare ground.  The 
assoc ia t ion  i s  suppor ted  on leve l  p la in la n d s  composed o f  deep clay  s o i l s  
which have a high i ro n  s t a t u s  and commonly inc lude  a rea s  o f  remnant 
l a t e r i t i c  g r a v e l .  Within the  Dugald River and i t s  immediate environment 
in the south e a s t ,  red p u r p l e ,  blue green and white s ig n a t u r e s  are  
c h a r a c t e r i s t i c  o f  the  dominant v e g e t a t i o n  a s s o c i a t i o n  o f  Eucalyptus 
ccmuldulensis^ M elaleuca spp .  and T r is ta n ia  g va n d iflo va  t r e e s  which grow 
over a va r ied  ground cover  inc lu d in g  a wide range o f  shrub ,  g rass  and herb 
species and exposures  o f  bare  ground.  Upon these  va r ied  f l u v i a l  depos i t s  
the red purp le  s i g n a t u r e  mosaics o f  t r e e  crowns, lo c a te d  on s i l t s  and clay 
soi ls  with a high mois tu re  c o n t e n t ,  a re  i n t e r s p e r s e d  wi th the blue green 
and white s ig n a t u r e s  i n d i c a t i v e  o f  expanses o f  bare ground,  u s u a l ly  
coinciden t  with occu r rences  o f  g rave l s  and sand.  The red purp le  s ig n a tu r e  
of Cenchrus p e n n is e tifo rm is  i s  p a r t i c u l a r l y  prominent w i th in  the ground 
cover o f  t h i s  a rea  due to the h ig h e r  moisture con ten t  o f  the s o i l s  in 
proximity to the Dugald River .  V io l e t  and darker  toned red purp le and 
blue green s ig n a t u r e s  occur  where a l l u v i a l  c l a y s ;  d i s t r i b u t e d  throughout  
the levees and a d j a c e n t  a r e a s ,  suppor t  small communities of  Eucalyptus 
^ g illa cea ^  E, term in alfs^  A cacia  ccmhagei^ Chrysopogon f a l la x  and 
Cenchrus p e n n is e tifo rm is j  e s p e c i a l l y  on low ly in g ,  poor ly d ra ined  a r e a s .
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The t r a n s i t i o n  to the levee  zone in the south and e a s t ,  p a r t i c u l a r l y  
evident  in the  map o f  grouped s p e c t r a l  u n i t s  (Fig. 65 , i s  c h a r a c t e r i s e d  
by combined s i g n a t u r e s  i n c lu d in g  s i g n i f i c a n t  percentages  o f  bare ground,  
which are r evea led  by t h e i r  d i s t i n c t  blue green tone and smooth t e x t u r e .
The occurrence o f  these  expanses  o f  bare ground to the  e a s t ,  confirmed 
by the f requency  d i s t r i b u t i o n  o f  p l a n t  spec ie s  along t r a n s e c t  2 (F ig .6 8 ), 
is i n d i c a t i v e  o f  the t h i n  and sandy na tu re  o f  the so i l  over the  c a l c -  
s i l i c a t e  bedrock M the se  a r e a s .  The c lose  r e l a t i o n s h i p  between the  
d i s t r i b u t i o n  o f  i n f r a - r e d  s p e c t r a l  u n i t s  and the so i l  cover  i s  a l so  
revealed by the  c o n t r a s t  between s ig n a t u r e s  produced by bare ground 
assoc ia ted  with  a rea s  o f  c h a r a c t e r i s t i c  e ro s io n .  In the e a s t ,  deep 
gully systems and small d e n d r i t i c  networks o f  in c i s e d  d ra inage  co u r s e s ,  
developed in the sandy s o i l s ,  produce a blue green s i g n a t u r e ,  in c o n t r a s t  ' 
to the white o r  very l i g h t  toned b lue  green s ig n a tu re  a s s o c i a t e d  with the  
broad, sha l low,  bra ided  d ra in a g e  a rea s  c h a r a c t e r i s t i c  o f  the  c lay  so i l  
p la in lands  in  the  no r th  w es t .
Between the c l ay  p l a i n l a n d s  o f  th e  nor th  west and the  Dugald River 
environment in  the  south e a s t ,  v i o l e t ,  red purp le and greyed purp le  
s ignatures  a re  c h a r a c t e r i s t i c  o f  var ious  combinations o f  s o f t  g rass  spec ies  
which are p r e v a l e n t  on the r e d ,  sandy clay  loam s o i l s ,  developed on mixed 
residual  and c o l l u v i a l  m a t e r i a l ,  loc a ted  on an a rcua te  a rea  o f  h igher  
ground running p a r a l l e l  to the  Dugald River.  Within the E ucalyptus 
cœgillacea^ E. tsrm in a lis^  Eriachne dominii^ Sporoholus a u s tra la s ic u s  
a s s o c i a t i o n ,  the r e s p e c t i v e  red purp le  and v i o l e t  s ig n a tu r e s  o f  the l a t t e r  
two grass  s p e c ie s  a re  a s s o c i a t e d  wi th the deeper s o i l s  with a h igher  c lay  
content ,  w h i l s t  the  red pu rp le  and combined s ig n a tu r e s  o f Enneapogon 
po lyphyllu s  and A r is t id a  co? itorta  are c o in c id e n t  with the s ha l low er ,  sandy 
s o i l s . ’ To the  south w^st  o f  t h i s  g e n t ly  r a i s e d  ground,  the  i n t e r p r e t e d  
spectral  u n i t s  become da rk e r  in  to n e ,  with v i o l e t ,  v i o l e t  blue and blue
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green s ig n a t u r e s  being produced by the dominant a s s o c i a t i o n  o f  Eucalyptus  
ccpgillcLoea^ E, te m iin d H s» A ta la ya  hemiglccuca^ B othriochloa ewartiana:, 
Ihemeda a u s tr a l i s .  Chrysopogon f a l la x  and Sporoholus a c tin o c la d u s  
and the  c h a r a c t e r i s t i c  da rk ,  heavy c lay  s o i l s  upon which the se  spec ie s  
are supported .  These f r e q u e n t l y  b lack ,  heavy clay s o i l s  occur  on lower,  
poorly d ra ined  ground and a re  e s p e c i a l l y  well developed in an old  
abandoned channel o f  the Dugald River .  The darker  toned p u rp le ,  v i o l e t  
and v i o l e t  blue s i g n a t u r e s  o f  the t a l l  g rass  spec ies  B othrioch loa  ew artiana, 
Chrysopogo7i fallax^, Themeda a u s tr a l i s  are  i n d i c a t i v e  o f  these  c h a r a c t e r i s ­
t i c  heavy c l a y  s o i l s  which a r e  f r e q u e n t ly  waterlogged a f t e r  the wet 
season and deeply  cracked  in the  dry season.
The f requency  d i s t r i b u t i o n  o f  p l a n t  spec ie s  along t r a n s e c t  2 confirms ' 
tha t  the unique s p e c t r a l  s i g n a t u r e ,  produced by the p l a n t  community which 
replaces the  background a s s o c i a t i o n s  and i s  dominated by Eriachne mucronata^ 
B u lh o sty lis  harhata  and F im h r is ty lis  sp , a f f .  F. dichotomay  i s  co in c id e n t  
with weakly anomalous, r e l a t i v e l y  high copper l e v e l s  in the  su r face  s o i l .  
S imi la r ly  the t r a n s e c t  da ta  a l s o  r e v e a l s  the dominance o f  B u lh o s ty lis  
harhata  and F im h r is ty l is  sp . a f f .  F. dichotoma  to e a s t  and west o f  the  
Eriachne mucronata  community and the  occurrence of  Enneapogon p o ly p h y llu s  
within the  lode zone where t h e  spec ie s  i s  ab le  to t o l e r a t e  a l l  but  the 
highest  c o n c e n t r a t i o n s  o f  copper  in the sur face  so i l  (over 1,500 ppm,
"270 f r a c t i o n ) .  The f requency d i s t r i b u t i o n  o f  p la n t  spec ie s  consequent ly  
confirms th e  composit ion and i n t e r p r e t a t i o n  o f  the p la n t  cover c o n t r i b u t i n g  
to the s p e c t r a l  s i g n a t u r e s  enhanced wi th in  the  lode zone by combination on 
the i n f r a - r e d  co lou r  imagery p r o j e c t e d  through a red f i l t e r  with the 
panchromatic (yel low f i l t e r )  imagery p ro je c te d  through a yel low f i l t e r  
(Fig. 57).
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Comparison of  the  s p e c t r a l  s i g n a t u r e  u n i t s  and f requency d i s t r i b u ­
t ion of  p l a n t  sp e c ie s  along t r a n s e c t  2 with the  computer p r i n t - o u t  
histograms showing th e  amounts o f  copper and lead in the p l a n t  t i s s u e  
of t r e e ,  sh rub ,  g ras s  and herb s p ec ie s  and in the minus 80 and minus 
270 f r a c t i o n s  o f  the  su p p o r t in g  s o i l s  confirms the rox ic  con t ro l  o f  
copper l e v e l s  over  the m in e ra l i z e d  zone where only Eriaohne muoronatay 
B u lh osty lis  harhata  and F im h r is ty lis  sp . a f f .  F. dichotoma  are  ab le  to 
survive,  (F ig s .  69 and 70).
The lead  l e v e l s  in the  su r f a c e  s o i l  arc  w ith in  background l e v e l s ,  
although between 0 and 125 metres  w es t ,  on t r a n s e c t  2, r e l a t i v e l y  high 
metal values  occur  in the  t i s s u e s  o f  Enneapogon p o ly p h y llu s  and 
e s p e c i a l l y  th e  deeper  r o o t i n g  spec ie s  A cacia ch isho lm iiy  Acacia camhageiy 
Eucalyptus a r g i l la c e a  and E. te rm in a lisy  even though lead va lues  in the 
surface s o i l  a r e  low (F ig .  70) .  The high va lues  in p l a n t  m a t e r i a l ,  
p a r t i c u l a r l y  in l e a f  samples o f  A cacia camhageiy with a maximum value of  
18 ppm, which c o n t r a s t s  with  background l e v e l s  o f  undor 4 ppm, sugges ts  
the p o s s i b i l i t y  o f  m i n e r a l i z a t i o n  in concealed bedrock.
The s p e c t r a l  s i g n a t u r e s  d i sp la yed  on the f a l s e  co lour  i n f r a - r e d  
imagery of  the  Roseby homestead a r e a ,  a t  both the 1:15,000 and 1:5 ,000  
sca le s ,  a re  l a r g e l y  determined by i n f r a - r e d  r e f l e c t i o n  recorded from the  
vegeta t ion  cover  and c l o s e l y  i n t e r r e l a t e d  suppor t ing  s o i l s .  Within t h i s  
f loodpla in  r e g i o n ,  a v a r i e t y  o f  s o i l s ,  der ived  from r e s i d u a l ,  c o l l u v i a l ,  
bedrock and f l u v i a l  d e p o s i t e d  m a t e r i a l s ,  suppor t  a c h a r a c t e r i s t i c  d i s t r i ­
bution o f  v e g e t a t i o n  a s s o c i a t i o n s  and p l a n t  communities which can be 
readi ly  observed on c o lo u r  i n f r a - r e d  f i lm .  The spec ies  composit ion of  
these v e g e t a t io n  u n i t s  i s  f r e q u e n t l y  r e l a t e d  to one or  more s p e c i f i c  
parameters w i th in  the s o i l  envi ronment,  which for  tne  most p a r t  o f  t h i s  
area,  a r e  concerned with d r a in a g e ,  s o i l  moisture and mineral  s t a t u s  of  
the s o i l .  Higher i n f r a - r e d  r e f l e c t i o n ,  producing red purp le  or  v i o l e t
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s i g n a t u r e s  on i n f r a - r e d  c o lo u r  f i l m ,  i s  c h a r a c t e r i s t i c  of  a rea s  of  deeper 
soil which have a h ighe r  c l a y  c o n t e n t ,  r e t a i n  mois tu ie  longer and form 
the most fa v o u ra b l e  s o i l  c o n d i t i o n s  f o r  p la n t  growth.
The unique s p e c t r a l  s i g n a t u r e ,  produced by the  c h a r a c t e r i s t i c  
plant  assemblage a s s o c i a t e d  with  anomalous c o n c e n t r a t i o n s  o f  copper in 
the s o i l  over m in e ra l i z e d  bedrock,  i l l u s t r a t e s  the c o n t r o l l i n g  in f lu en ce  
of the  mineral  s t a t u s  o f  the  s o i l .  S im i l a r l y  the  occurrence  of  high 
conce n t ra t ions  o f  i ro n  in the  s o i l  has a s i g n i f i c a n t  in f lu e n c e  in the  
d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  produced by A cacia  cambagei. Both 
the mineral  s t a t u s  and c h a r a c t e r i s t i c s  governing m ois tu re  in the  so i l  
have a dominant in f lu e n c e  in d i s t i n g u i s h i n g  w ith in  t h i s  reg ion  the th re e  
general p h ys iog raph ic  env i ronm en ts ,  c h a r a c t e r i s e d  by t h e i r  d i s t i n c t i v e  
vegeta t ion  u n i t s ,  which a r e  so r e a d i l y  apparen t  on f a l s e  co lou r  i n f r a ­
red photography.
5.2 The Godkin area
South o f  the  Dugald River  lo d e ,  in an area  o f  lowlands ,  (Fig .  8 ) ,  
d i s c re te  anomalous p l a n t  communit ies  provide  s u r face  express ion  o f  copper 
and c o b a l t  m i n e r a l i z a t i o n  in an a rea  where t!ie v eg e ta t io n  i s  c l o s e l y  
re la ted  t o  the  s o i l s ,  developed on mixed r e s id u a l  and c o l l u v i a l  m a t e r i a l ,  
and c a l c - s i l i c a t e  bedrock which u n d e r l i e s  the  whole reg ion .
The c h a r a c t e r i s t i c  leve l  i n t e r f l u v e s  are a c t i v e l y  being d i s s e c t e d  by 
east  f lowing s t r e a m s ,  f l a s h  f lo o d s  and g u l ly  e ros ion  fo l lowing highly  
seasonal ,  t o r r e n t i a l  r a i n s  such as those  which preceded the  a i r  survey 
of the a r e a .  The d i s t r i b u t i o n  o f  v e g e t a t i o n  u n i t s  i s  f r e q u e n t ly  r e l a t e d  
to the s o i l  m o is tu re  c o n d i t i o n s ,  which in tu rn  a i e  in f luenced  by the  so i l  
te x tu re ,  the  s lope  and s i t e  p o s i t i o n ,  r e l a t i v e  to  d ra inage  l i n e s  and
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g u l l i e s .  The na tu re  and composit ion  of  the  vege ta t ion  i s  a l s o  c o n t ro l l e d  
by the dep th ,  n a tu re  and mineral  s t a t u s  o f  the s o i l ,  which i s  in tu rn  
re la ted  to  the under ly ing  bedrock geology.
5.2.1 I n t e r p r e t a t i o n  o f  the  s p e c t r a l  s i g n a t u r e s  recognised  on the  f a l s e  
c o lou r  i n f r a - r e d  photography
Owing to  gaps in the  a i r  cover on the  1:15,000 s c a l e ,  only the  
1:5,000 s c a l e  photography was used to  s tudy  the  Godkin a re a .  The s p e c t r a l  
s igna tu res  recogn ised  on the  i n f r a - r e d  co lour  f i lm a re  shown on Fig.  71, 
where the blue green s i g n a t u r e  ( 1) o f  the  anomalous p l a n t  community, 
dominated by Eriaohne m ucronata  and Folycarpaea glabray  r e v e a l s  the 
prominent a re a s  o f  m i n e r a l i z a t i o n  along the  no r th - so u th  s t r i k e  o f  the  
c a l c - s i l i c a t e  bedrock.  This d i s t i n c t  s i g n a t u r e ,  o f  v a r i a b l e  width and 
discont inuous  along s t r i k e ,  t r u n c a t e s  the  mosaic of  o th e r  s ig n a t u r e s  
which r e f l e c t  th e  v e g e t a t i o n - s o i l  p a t t e r n s  o f  the a d j a c e n t  a r e a s .
The s p e c t r a l  s i g n a t u r e s  recogn ised  and i n t e r p r e t e d  w i th in  the  
Godkin area  a re  seen to  be s i m i l a r  to  those occur r ing  to the  no r th  in 
the Dugald River lode reg ion  (Chapter  4 ,  F igs .  10 - 17) ,  the  major 
co n t ra s t  being between the  blue green . s igna tu re s  o f  T r io d ia  pungensy 
located in d ra inage  channels  and on t h i n ,  sandy,  s k e l e t a l  s o i l s  over near  
surface bedrock,  and the  r e l a t i v e l y  high i n f r a - r e d  r e f l e c t i n g  s o f t  g rass  
species c h a r a c t e r i s t i c  o f  the  sandy c l a y  loam s o i l s  of  leve l  i n t e r f l u v e s .  
Individual  s p e c ie s  and a s s o c i a t i o n s  w i th in  the  a rea s  o f  covered ground are 
d isc r im ina ted  on i n f r a - r e d  c o lo u r  f i lm  by a combination o f  form, t e x tu r e  
end p r im a r i l y  a co lou r  tone response  to  i n f r a - r e d  r e f l e c t i o n .  The red 
purple s ig n a t u r e  produced by Sporobolus a u s tr a la s ic u s  co-dominant  with 
Eriachne d o m in ii  ( s p e c t r a l  u n i t  29 ) ,  which does not  occur w i th in  the  
Dugald River lode a r e a ,  i s  s i m i l a r l y  found in the  c e n t r a l  a rea s  of  l a rg e
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i n t e r f lu v e s  where f i n e  g ra ined  a l l u v i a l  so i l  m a t e r i a l ,  p e r i o d i c a l l y  
covered by s t a g n a n t  water  a f t e r  r a i n ,  forms a favourab le  h a b i t a t  for  
ground cover g ra s s  and herb s p ec ie s  which grow s t ro n g ly  a t  the  end o f  the 
wet season.
Combined s ig n a t u r e s  a re  p r e v a l e n t  on the  t h i n n e r ,  sandy and more 
stony s o i l s ,  developed on dominantly  c o l l u v i a l  m a t e r i a l ,  where e i t h e r  
T riodia  pungens  or  a spa rse  cover  o f  s o f t  g rass  spec ie s  a re  combined with 
bare ground.  F requen t ly  bare ground i s  dominant,  r e s u l t i n g  in a white 
or blue green s ig n a t u r e  being p r e v a l e n t  with i n d i s t i n c t ,  red purple  
tonal elements r e f l e c t i n g  s c a t t e r e d  s o f t  g rass  spec ie s  ( s p e c t r a l  u n i t s  
18 + 5 , 1 6 + 5 , 1 7 + 5 ) .
The i n f r a - r e d  s i g n a t u r e s  can f r e q u e n t l y  be r e l a t e d  to  ground cover 
vegeta t ion  which i s  i n d i c a t i v e  o f  s o i l  d ra inage  c o n d i t i o n s ,  as ev iden t  
in deep,  b lack c lay  s o i l s  t h a t  a re  f r e q u e n t ly  waterlogged and lo c a ted  
in a dep res s ion  to  the south o f  the a r e a .  A red purp le  (74C) - purple 
v io l e t  (82D) s ig n a t u r e  ( s p e c t r a l  u n i t  35) i s  produced by a t a l l  growth 
of Chrysopogon fa lla X y  Themeda a u s tr a l is  and B othrioch loa  ew artiana  
g rasses which sur round the  c h a r a c t e r i s t i c  purp le  (79D) - blue green (1212) 
s igna ture  ( s p e c t r a l  u n i t  44) o f  an in n e r  a s s o c i a t i o n  of  Dicanthium  
tenuiculwriy C h lo ris  p e c t in a ta  and Sporoholus a u s tra la s ic u s .  Frequently  
the d i s t i n c t  red pu rp le  (650) s i g n a t u r e ,  produced by a dense shrub canopy 
of Acacia ch ish o lm iiy  i s  found in a s s o c i a t i o n  and c h a r a c t e r i s t i c  of  these  
poorly d ra ined  a r e a s .  F u r th e r  to  the  sou th ,  a small pe r ip h e ra l  area 
supports  an a s s o c i a t i o n  o f  E u la lia  fu lvay Themeda a u s tr a l is  and Sehirna 
nervosum  which i s  r ecognised  by i t s  red purple  (74C) s ig n a t u r e  ( s p e c t r a l  
unit  46) .  The major creek t r a v e r s i n g  the a r e a ,  with i t s  g a l l e r y  o f  t r e e s  
over a va r ie d  ground l a y e r ,  produces the  c h a r a c t e r i s t i c  mosaic o f  red 
purple ,  blue  green and white s ig n a t u r e s  ( s p e c t r a l  u n i t  20).
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5.2.2 I n t e r p r e t a t i o n  o f  the  d i s t r i b u t i o n  of  s p e c t r a l s i gna tures  an cl 
v e g e t a t i o n  u n i t s  in r e l a t i o n  to  environmental parameters
The r e l a t i o n s h i p  between the  d i s t r i b u t i o n  of  i n f r a - r e d  s p e c t r a l  
s i g n a t u r e s ,  v e g e t a t i o n  u n i t s  and the  c o n t r o l l i n g  in f luences  o f  the  physical  
environment were i n v e s t i g a t e d  by sp e c ie s  frequency record ing  and s o i l  and 
plant  sampling along two t r a n s e c t s  o r i e n t a t e d  from e a s t  to west ac ross  
the g e o lo g ica l  s t r i k e  (F ig .  72).  A ddit ional  geochemical t r a v e r s e s  were 
located  t o  th e  south  to  a s c e r t a i n  whether anomalous c o n c e n t r a t i o n s  of  
metal in the  s u r f a c e  s o i l  con t inued  along the  geologica l  s t r i k e .
The f requency  d i s t r i b u t i o n  of  p l a n t  spec ies  along t r a n s e c t  16,
(Fig. 7 3 ) ,  l o c a t e d  a c ro s s  the  g r e a t e s t  width o f  the  anomaly, confirms 
the i n t e r p r e t a t i o n  o f  the  composit ion  o f  the p l a n t  cover c o n t r i b u t i n g  
to the  i n f r a - r e d  s p e c t r a l  s i g n a t u r e s  and r e v e a l s  t h a t  the replacement 
of background a s s o c i a t i o n s  by th e  p l a n t  community dominated by Eriachne 
mucronata  and P oiycarpaea g la b ra  i s  c o i n c id e n t  with anomalous,  high 
conce n t ra t ions  o f  copper and t o  a l e s s e r  degree lead  and c o b a l t  in the 
surface s o i l  o c c u r r in g  over  m in e ra l i z e d  s h a l e s .  Eriachne dominii^  
present  in the  ground cover  a t  the t ime o f  the a i r  survey in 1971, 
however, i s  seen to  have been l a r g e l y  rep laced  by Enneapogon p o lyp h y llu s  
and Sporoholus a u s tr a la s ic u s  in 1972, when the  ground record ing  was under ­
taken in the  d r i e r  c o n d i t i o n s  p r e v a i l i n g  some time a f t e r  the  f i n i s h  of  the 
wet season.
Comparison o f  the  s p e c t r a l  s i g n a t u r e  u n i t s  i n t e r p r e t e d  from the  i n f r a ­
red imagery and the frequency d i s t r i b u t i o n  of  p la n t  spec ie s  along t r a n s e c t  
16 with the  computer  p r i n t - o u t  his tograms showing the amounts o f  copper ,  
cobal t ,  l e a d ,  z in c  and i ron  in the  t i s s u e s  of  t r e e ,  shrub and grass  
species and in the  minus 80 and minus 270 Frac t ions  of  the suppor t ing
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FIGURE 73 P l a n t  s p e c i e s  f requency  d i s t r i b u t i o n  in r e l a t i o n  to  
s u r f a c e  s o i l  g eo ch e m is t ry ,  r e l i e f  and geology along
t r a n s e c t  16
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FIGURE 74 The copper c o n te n t  o f  the p l a n t  t i s s u e  o f  
s e l e c t e d  spec ie s  sampled along t r a n s e c t  16 
in r e l a t i o n  to the geochemistry of  the  s u r face
s o i l
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FIGURE 75 The c o b a l t  co n te n t  o f  the p l a n t  t i s s u e  of  
s e l e c t e d  spec ie s  sampled along t r a n s e c t  16 
in r e l a t i o n  to the geochemistry o f  the  
su r f a c e  so i l
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FIGURE 76 The lead  co n te n t  o f  the p l a n t  t i s s u e  of
s e l e c t e d  spec ie s  sampled along t r a n s e c t  16 
in r e l a t i o n  to the geochemistry o f  the  
su r f a c e  so i l
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FIGURE 77 The z inc  c o n te n t  of  the p l a n t  t i s s u e  of
s e l e c t e d  spec ie s  sampled along t r a n s e c t  16 
in r e l a t i o n  to the geochemistry o f  the  
s u r f a c e  so i l
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FIGURE 78 The iron  co n te n t  of  the p la n t  t i s s u e  o f
s e l e c t e d  spec ie s  sampled along t r a n s e c t  16 
in r e l a t i o n  to the  geochemistry of  the 
su r face  so i l
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FIGURE 7? The copper con ten t  o f  the p l a n t  t i s s u e
o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  7 
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FIGURE FÛ The c o b a l t  con ten t  o f  the  p l a n t  t i s s u e
o f  s e l e c t e d  spec ie s  sampled along t r a n s e c t  7 
in r e l a t i o n  to the  geochemistry of  the  s u r face  
s o i '
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soils  confirms the  c o n t ro l  o f  to x i c  l e v e l s  of  the se  meta ls  over the  
mineral ized sha le  where only  Eriaohne mucronata  and Polycarpaea g labra  
are able to  su rv iv e  (F ig s .  74, 75,  76, 77 and 78).  A s i m i l a r  r e l a t i o n s h i p  
is also r evea led  to  th e  south on t r a n s e c t  7 where so i l  t o x i c i t y  i s  
confined to  h igh ,  anomalous c o n c e n t r a t io n s  of  copper and c o b a l t  (F igs .  79 
and 80).
A na ly t ica l  da ta  f o r  s o i l  samples taken along the  two geochemical 
t r ave rses  (F ig s .  81 and 82) revea l  the presence o f  geochemical anomalies in 
the sur face  s o i l  o f  vary ing  te n o r  probably i n d i c a t i v e  o f  sporad ic  m in e ra l ­
iza t ion along th e  geo log ica l  s t r i k e  to  the  south o f  t r a n s e c t  7 (Fig .  72).
The d e t e c t i o n  o f  such l i n e s  o f  bedrock m i n e r a l i z a t i o n  wi th in  the  c a l c -  
s i l i c a t e  rocks o f  t h i s  a rea  i s  seen to  be f a c i l i t a t e d  by the i d e n t i f i c a t i o n  
of d i s t i n c t  s p e c t r a l  s i g n a t u r e s  produced by the  anomalous p l a n t  communities 
usually a s s o c i a t e d  with  th e se  c o n c e n t r a t i o n s  o f  t o x i c  metal in the  so i l  
which have emanated from an ore d e p o s i t .
The wide range o f  i n f r a - r e d  r e f l e c t a n c e ,  recorded  in the s p e c t r a l  
s ignatures  o f  the  va r io u s  v eg e t a t i o n  u n i t s  a t  t h i s  s c a l e ,  can thus  be 
mainly a t t r i b u t e d  to  the  dominant con t ro l  of  the  so i l  envi ronment,  where 
avai lab le  m ois tu re  and minera l  s t a t u s  are among the  most im portan t  
i n f lu e n t i a l  pa ram ete rs .  As in the  v i c i n i t y  of the Dugald River lode a 
major d i s t i n c t i o n  i s  e v id e n t  between the  sandy s k e l e t a l  s o i l s ,  over near  
surface and ou tc ropp ing  bedrock,  dominated by T rio d ia  vungen.  ^ communit ies ,  
and the deeper s o i l s  c h a r a c t e r i s e d  by a h igher  c l a y  and surTnce iron  
content which suppor t  communit ies dominated by such s o f t  g rass  spec ie s  as 
Eriachne dominii^ Sporoholus a u s tra la s icv .s  and Enneapogon pol yphy l l us .
In add i t ion  to  the  in f lu e n c e  and con t ro l  o f  s o i l  c h a r a c t e r i s t i c s  a f f e c t i n g  
avai lab le  m ois tu re  f o r  p l a n t  growth,  s o i l  t o x i c i t y ,  r e i a t e d  to  high 
concentra t ions  o f  metal over  m ine ra l i zed  bedrock,  i s  a l so  seen t o X e
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FIGURE 81 The copper,  c o b a l t ,  z in c ,  lead  and iron  con ten t  
o f  the  su r f a c e  so i l  (minus 80 f r a c t i o n )  sampled
along t r a v e r s e  E .
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FIGURE 82 The copper,  c o b a l t ,  z inc ,  lead and iron conten t  
o f  the su r face  so i l  (minus 80 f r a c t i o n )  sampled
along t r a v e r s e  F
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pr imari ly  r e s p o n s ib le  fo r  the anomalous p l a n t  community and p la n t  
d i s t r i b u t i o n  found immediately w i th in  the v i c i n i t y  o f  the lode zone 
and the r e s u l t a n t  s ig n a tu r e s  recorded  on i n f r a - r e d  co lour  photography.
The d i s t i n c t  r e l a t i o n s h i p  ev id e n t  between vege ta t ion  d i s t r i b u t i o n  and
\
anomalous co n c e n t r a t i o n s  o f  t o x i c  metal in the so i l  environment is  most 
c l e a r ly  revea led  by s ig n a t u r e s  d isp layed  on f a l s e  co lour  i n f r a - r e d  f i lm 
which, as ev id e n t  over the  Dugald River lode ,  consequent ly provide 
valuable in formation  in the lo c a t io n  of  minera l i zed  zones.
I n v e s t i g a t i o n s  o f  the  mult i  sp e c t r a l  photography supported by 
de ta i l ed  s t u d i e s  on the  ground in the  Roseby homestead and Godkin areas  
confirmed t h a t  over q u i t e  small zones o f  predominantly copper minera l i zed  
bedrock r e l a t i o n s h i p s  between i d e n t i f i e d  s p ec t r a l  s i g n a t u r e s ,  vege ta t ion  
units  and environmental  parameters  in f lu en c in g  t h e i r  d i s t r i b u t i o n  were 
s imi la r  to  those  occur r ing  over the major Dugald River l e a d -z in c  ore body.
The sp e c t r a l  s ig n a t u r e  recognised  fo r  the geobotanica l  anomaly forming 
surface express ion  o f  the Dugald River lode was a l so  found to be i d e n t i c a l  
for  the  anomalous p la n t  communities i n d i c a t i v e  of  dominantly copper 
mineral ized  bedrock occur r ing  in r e l a t i v e l y  c o n t r a s t i n g  environments where 
the su r face  geology revea led  very l i t t l e  evidence o f  p o s s ib le  m ine ra l i za t ion .  
I t  was s i m i l a r l y  e s t a b l i s h e d  t h a t  the  s p e c t r a l  s ig n a tu r e s  i d e n t i f i e d  with in  
the v i c i n i t y  o f  the Dugald River lode could be s u c c e s s f u l ly  e x t r a p o la t e d ,  
both a t  the 1:15,000 and 1.*5,000 s c a le s  to d i f f e r e n t  environments with in  
the survey a r e a s .
On the ba s i s  o f  these  s tu d ie s  with in  the Dugald River lode area  i t  
was thus p o s s i b l e  to  i d e n t i f y  new and s i m i l a r  d i s t i n c t i v e  sp e c t r a l  
s ig n a tu re s ,  and e s p e c i a l l y  those produced by anomalous p l a n t  communities 
forming s-urface express ion  of  bedrock m i n e r a l i z a t i o n ,  in o th e r  a rea s  of  




The recogn i t ion  of  anomalous p l a n t  communities and loc a t ion  of  minera l i zed  
z o n e s  in o th e r  a rea s  of  t h e Dugald River region
On the  b a s i s  o f  the i n t e r p r e t a t i o n  of spe c t r a l  s ig n a tu r e s  d isp layed  by 
the f a l s e  co lour  i n f r a - r e d  photography and a s soc ia ted  ground s tu d i e s  c a r r i e d  
out in the Dugald River lode a r e a ,  i t  was poss ib le  to recognise  s i m i l a r  
d i s t i n c t iv e  s p e c t r a l  s i g n a t u r e s  produced by anomalous p la n t  communities 
forming su r face  exp res s ion  o f  bedrock m in e ra l i za t io n  in o the r  a reas  o f  the 
Dugald River reg ion covered by the survey photography.  F ie ld  i n v e s t i g a t i o n s  
confirmed t h a t  d i s t i n c t i v e  s ig n a t u r e s  recognised in the  Freehold 28,
Mount Poly and G re e n h i l l s  a rea s  were c o in c id e n t  with anomalous p la n t  
communities growing d i r e c t l y  over dominantly copper minera l ized  bedrock 
units with in  the  Dugald River c a l c - s i l i c a t e  rock outcrop of  the  Corel la  
formation.
6.1 The Freehold 28 area
Freehold 26 i s  the  c o l l e c t i v e  name fo r  a number of  mineral l e a se s  mainly 
covering an ou tc rop  o f  copper bear ing c a l c - s i l i c a t e  rocks ,  s i t u a t e d  to the 
east of the Dugald River lode (F ig .  8 ) .  Three main outcrops o f  copper 
bearing s c a p o l i t e  g r a n u l i t e  (Edwards and Baker 1954), form almost a c o n t in ­
uous n o r th - s o u th ,  iow, rounded r idge  which has been a c t i v e l y  d i s s e c t e d  and 
broken up in to  i t s  component p a r t s  by a system of  t r i b u t a r i e s  and g u l l i e s  
flowing e a s t  in t o  the  Dugald River (P la te  13).  The ea s te rn  a reas  of  near  
surface and outc ropping  bedrock w ith in  which the m in e ra l i z a t i o n  occurs ,  
located near to the  r i v e r ,  c o n t r a s t  with the western ex tens ive  a reas  of  
level, covered grounu c h a r a c t e r i s e d  by deep,  red ,  sandy clay  loam s o i l s .
2 1 8
6.1.1 Location of  miner a l i z e d  bedrock from an i n t e r p r e t a t i o n  of  fa  1se 
co lour  i n f r a - r e d  s ig n a t u r e s
. The s p e c t r a l  s i g n a t u r e s  i n t e r p r e t e d  f o r  the area from the  i n f r a - r e d  
colour photography are shown in Fig.  83 and grouped with r e fe ren c e  to 
ground info rmation  in Fig.  84. A s p e c t r a l  s igna tu re  ( I ) ,  d i s t i n c t  from 
all o ther  s ig n a t u r e s  i n t e r p r e t e d  from the imagery and s i m i l a r  to  t h a t  
iden ti f ied  f o r  the  Dugald River lode ,  i s  seen to be produced by an 
anomalous p l a n t  community co in c id e n t  with the  outcrop o f  m inera l i zed  
scapoli te g r a n u l i t e  bedrock.  S c a p o l i t e  g r a n u l i t e  is  a l i g h t  grey ,  speckled 
rock with a r e g o l i t h  o f  l i g h t ,  g rey ish  brown, s k e le t a l  s o i l ,  which coupled 
with the widely spaced Eriachne mucronata^  i s o l a t e d  Polycarpaea g labra  
and s u bs id ia ry  F im h r is ty lis  sp. a f f .  F. dichotoma  p la n t  s p e c ie s ,  weakly 
ref lects  i n f r a - r e d  r a d i a t i o n  producing the  d i s t i n c t  blue green s igna tu re  
(Plate 13). The f i n e  and smooth t e x t u r e  of  the  s ig n a tu r e ,  a l s o  devoid of  
trees and sh rubs ,  i s  c l e a r l y  def ined  a g a i n s t  the c o a r s e r ,  rougher ,  and 
darker blue green tone o f  the  surrounding T rio d ia  pungens  s ig n a tu r e s  
which i t  t r a n s g r e s s e s  from nor th  to  south along the geologica l  s t r i k e .
The s p e c t r a l  s ig n a t u r e s  i d e n t i f i e d  and mapped fo r  t h i s  area  are  
comparable to  those occur r ing  w i t inn  the v i c i n i t y  of  the Dugald River lode 
and s im i la r ly  d i s t i n g u i s h  the veg e ta t io n  u n i t s  c h a r a c t e r i s t i c  o f  two 
dist inct  envi ronments .  Dark blue green s p e c t r a l  s igna tu re s  produced by 
vegetation u n i t s  dominated by T rio d ia  pungens^  which i s  supported on 
skeletal s o i l s  over the  e a s t e r n  a rea s  o f  near  surface and outcropping 
limestone agglomerate,  f lank  the  d is  ci ne t  sp e c t r a l  s igna tu re  lo c a t in g  the 
outcrop of  m ine ra l i zed  bedrock.  In c o n t r a s t ,  ex tens ive  i n t e r f l u v i a l  a reas  
of covered ground, c o n s i s t i n g  of  r ed ,  sandy c lay  loams over mixed 
colluvial and r e s id u a l  m a t e r i a l ,  occupying the west of  the frame a r e a ,  
^opport a ground cove) o f  va r ious  g ras ses  dominated by Eriachne dom in ii,
219
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TE 13 . The F reeh o ld  28 anomalous p la n t  community, dom inated by 
Eviaohne tnucron : - i s  seen  from th e ground and on the
f a l s e  c o lo u r  i n f r a  - im agery.
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PLATE 13. The Freehold 28 anomalous p la n t  community, dominated by 
Eriaohne mucronata^ as seen from the ground and on the 
f a l s e  co lour  i n f r a - r e d  imagery.
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Film 32 Frame 203
Infra red colour film: spectral signatures combined with reference 
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/k'tgttda coMtorta,  SporoboZws aws t ra la s tcw s  and EwMgapogoM poZ^p&yZZws 
which produce c h a r a c t e r i s t i c  red purple  and v i o l e t  s ig n a tu r e s .
Within the immediate environment of  the Dugald River,  as ev iden t  in 
the Roseby homestead a r e a ,  s trong  red purple s igna tu res  are produced by 
the plant  communities and e s p e c i a l l y  the t a l l  grass Cenohrus p e n n is e ti -  
formis which f l o u r i s h e s  on a l l u v i a l  s o i l s  and ava i l a b l e  so i l  mois ture.
To the north and south of  the leve l  i n t e r f l u v e  a rea ,  the red purple 
signature of  Enneapogon p o ly p h y llu s  i s  combined with the  blue green s igna ­
ture of T rio d ia  pungens in s p e c t r a l  u n i t  I I ,  which i s  c h a r a c t e r i s t i c  of  the 
rela t ive stony and sha llower  sandy c lay  s o i l s  found on the margins of  
drainage l i n e s .  This a s s o c i a t i o n ,  apparen t ly  in d i c a t i v e  of a t r a n s i t i o n  
between s k e l e t a l  s o i l s  and the deeper sandy c lay  s o i l s  o f  level  i n t e r f l u v e  
areas, a l so  occurs along the  geo log ica l  s t r i k e  on a low stony r idge to  the 
west of the m ine ra l i zed  s c a p o l i t e  g r a n u l i t e  outcrop.
I n t e r p r e t a t i o n  o f  s p e c t r a l  s ig n a tu re s  based on e x t r a p o la t io n  from 
studies of  the i n f r a - r e d  co lour  photography of  the Dugald River lode 
environment s i m i l a r l y  r e v e a l s  in the Freehold 28 area t h a t  spec t ra l  un i t s  
are r e la ted  to the occurrence  of  d i s t i n c t  vegeta t ion  u n i t s  which are 
generally i n d i c a t i v e  of  c h a r a c t e r i s t i c  ground cond i t ions .  This close  
rela t ionship  between the  i n f r a - r e d  s p ec t r a l  s i g n a t u r e s ,  vege ta t ion  u n i t s  
and s p e c i f i c  ground c o n d i t io n s  can be used to  loca te  minera l i zed  bedrock 
where anomalous i n d i c a t o r  p l a n t  communities can be d i s t i n g u i s h e d  in the 
surface vege ta t ion  cover.
^•1.2 Re la t ionsh ips  between the  d i s t r i b u t i o n  of  sp ec t r a l  s i g n a t u r e s , 
p la n t  communities and bedrock m in e ra l i za t io n
The r e l a t i o n s h i p  between s p e c t r a l  s ig n a tu re s  in t e r p r e t e d  on co lour  
infra-red imagery,  the  d i s t r i b u t i o n  of  vege ta t ion  u n i t s  and the  c o n t ro l l i n g
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influences of  the phys ical  environment were in v e s t ig a t e d  by spec ies  
frequency record ing  and so i l  and p la n t  sampling along th ree  t r a n s e c t s  
orientated from e a s t  to  west ac ross  the geologica l  s t r i k e ,  (Fig.  85).  P lan t  
recording and p l a n t  and so i l  sampling were c a r r i e d  out  on the main t r a n s e c t  
14, located ac ross  the  l a r g e s t  and most prominent mineral ized  bedrock a rea ,  
whilst to the nor th  and sou th ,  only p la n t  and so il  sampling were under­
taken fo r  comparat ive purposes over s i m i l a r  bedrock outcrops on t r a n s e c t s  
21 and 22, (Fig. 85).  Addit ional  geochemical t r a v e r s e s  were loca ted  to 
north and south o f  the  outcropping  minera l i zed  bedrock,  in background 
areas, to a s c e r t a i n  whether anomalous concen t ra t ions  of  metal in the 
surface so i l  cont inued  along the  geological  s t r i k e .
The frequency d i s t r i b u t i o n  of  p la n t  spec ie s  along t r a n s e c t  14 (Fig.  86) 
elaborates the spec ie s  composit ion of the  p la n t  cover c o n t r ib u t in g  to the 
spectral s ig n a t u r e s  i n t e r p r e t e d  from the i n f r a - r e d  imagery and revea ls  
that the Eriachne mucronata  p la n t  community which inc ludes  Polycarpaea  
glabra only occurs with anomalous high concen t ra t ions  of  copper found in 
the surface so i l  over the outc rop of  copper bearing s c a p o l i t e  g r a n u l i t e .
East and west of  the lode zone,  T rio d ia  pungens is  dominant in the ground 
layer, and to g e th e r  with bare ground,  i s  r e spons ib le  fo r  the dark blue 
green s igna tu re  c h a r a c t e r i s t i c  o f  a reas  of  drainage and gu l ly  e ros ion 
(i-late 13).
On the deeper s o i l s ,  to the west of  the lode zone,  T riod ia  pungens 
is replaced by bare  ground ( r e s p o n s ib le  fo r  the blue green s igna tu re  of  
spectral u n i t  17) and Enneapogon polyphyllus^  which toge the r  with 
subsidiary Sporoholus au stra la sicu .s  and B u lh o s ty lis  harhata, corresponds 
with the red purple  s ig n a t u r e  w i th in  spe c t r a l  u n i t  5. East of  the c reek ,  
where Themeda a u s tr a l i s ,  E u la lia  fu lv a  and Sehima nervosum  are respons ib le  
For f a in t  pink tones  recognised on the sandy channel bed, the blue green
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FIGURE u7 The copper con ten t  o f  the p lan t  t i s s u e  o f  s e lec ted
spec ie s  sampled along t r a n s e c t  14 in r e l a t i o n  to the 
■ geochemistry o f  the su r face  so i l
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FIGURE 88 The iron con ten t  of  the  p lan t  t i s s u e  of se lec ted  
spec ies  sampled along t r a n s e c t  '4 in r e l a t i o n  to 
the geochemistry o f  the surface  soi l
2 2 9
F R E E H O L D  2 8  N O R T H
DRY ASH
4 0 2 0 0  ]
2 0 1 0 0
G 0
4 0 700
2 0 1 0 0
0 0
6 0 3 0 0  j
4 0 2 0 0  j
2 0 1 0 0  j
0 0  -I
4 0 2 0 0  ■
2 0 1 0 0
0 0  I
4 0 2 0 0
2 0 1 0 0  ■
0 0
4 0 2 0 0  ■
2 0 1 0 0
0 0
4 0 2 0 0  j
2 0 1 0 0  j
0 0  -I
6 0 3 0 0  ■
4 0 2 0 0
2 0 1 0 0  ■
0 0
4 0 2 0 0
2 0 1 0 0  j
0 0  T
6 0 3 0 0
4 0 2 0 0  ■
2 0 1 0 0  -
0 . 0
4 0 2 0 0  •
2 0 1 0 0  -
0 0
4 0 2 0 0  ■
2 0 1 0 0  •
0 0
4 0 2 0 0
2 0 1 0 0
0 0
< 0 2 0 0
2 0 1 0 0
0 0
8 0 *00 ■
SO 3 0 0
<0 2 0 0  ■
2 0 1 0 0
0 0
40 2 0 0  •
2 0 1 0 0  ]
0 0
t r a n s e c t  N U M B E R  2 1
C O P P E R  C O N T E N T  OF P L A N T S
e u c a l y p t u s  ARGlLLflCEA t iu m i -
j__
EUCALYPTUS AROILLRCEA u « ts
  __________________ L
e u c a l y p t u s  a r g il l a c e a
EUCALYPTUS BR EVIFOLlA r ig in
e u c a l y p t u s  BR EVIFO LlA u n .ts
EUCALYPTUS BR EVIFO LlA i «im
II
 s i  1  t_ _ _
EUCALYPTUS TERMINALIS n u ns
e u c a l y p t u s  TERMIMALIS ii»<fs
EUCALYPTUS TERMINALIS '« ics
ACACIA CMISHOLMI I m  ss
ACACIA CHISMOLMII i.ios
ACACIA CAMBHOEI ifu . fs
ACACIA CHMBAGEI lulcs




The copper con ten t  
of  the p l a n t  t i s s u e  
of  s e le c te d  spec ies  
sampled along 
t r a n s e c t  21 in 
r e l a t i o n  to the 
geochemistry of  the 
surface so i l
ERIACMNE NUCRONATA


























1 5 0 100
METRES 9 0 ' E
2 3 0





T R A N S E C T  N U M B E R  2 1
I R O N  C O N T E N T  OF  P L A N T S
EUCALYPTUS AROILLRCEA n u r j
400 2000
200 1000


























j  EUCALYPTUS BR EVIFO LlA n u ns
e u c a ly p t u s  BR EVIFOLlA
 jt i  L
e u c a l y p t u s  BR EVIFOLlA i.ios
EUCALYPTUS TERMINALIS n u ns
EUCALYPTUS TERMINALIS ic««s
EUCALYPTUS TERMINALIS
ACACIA CMISHOLMI I ifu.es
P 11
ACACIA CMISHOLMI I n ios
 J _ _ _ _ _ _ _ _ L
ACACIA CAMBAOEI in .e s














TEPMROSIA PURPUREA VAR. AX ILLA R IS  ieu.es stems
TRIOOIA PUNGENS















9 0 " E
FIGURE 90 The iron con ten t  o f  the p la n t  t i s s u e  o f  s e lec ted  
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FIGURE 92 The c o b a l t  con ten t  o f  the  p la n t  t i s s u e  of  
s e l e c t e d  spec ies  sampled along t r a n s e c t  22 
in r e l a t i o n  to the geochemistry of  the surface 
so i l
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FIGURE 93 The i ron  con ten t  o f  the p la n t  t i s s u e  
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signature o f T r io d ia  pungens^ i n t e r p r e t e d  in spec t ra l  un i t  11, is  
c o m b i n e d  with the red purp le  s ig n a tu re  of  areas  o f Enn^.apogon po lyph y llu s  
and subs id ia ry  Sporobolus a u s tva la s ic u s  which occupy small i n t e r f lu v e s  of  
clay so i l  between the  many small s tream channels  t h a t  dra in  to  the e a s t .
Comparison o f  the  s p e c t r a l  s ig n a tu re  un i t s  i n t e r p r e t e d  from the i n f r a ­
red imagery and the  frequency d i s t r i b u t i o n  of p la n t  spec ies  along t r a n s e c t  
14 with the  computer p r i n t - o u t  histograms showing the amounts of  copper 
and iron in the t i s s u e s  o f  sampled p la n t  spec ies  and in the minus 80 and 
minus 270 f r a c t i o n s  of  the  suppor t ing  s o i l s  confirms t h e ' c o n t r o l  of  tox ic  
levels of  copper over the  outcropping mineral ized s c a p o l i t e  g r a n u l i t e  
bedrock where only  Eriaohne rmovonata  and Eolycarpaea g labra  are able  to 
survive (F igs .  87 and 88) .  A s im i l a r  r e l a t i o n s h i p  i s  a l so  revea led to 
the north on t r a n s e c t  21 (F igs .  89 and 90) and to the south on t r a n s e c t  
22 (Figs.  91 and 93) ,  where Polycarpaea g labra  and Eriachne rmcronata 
are the only spec ie s  to  co lon ise  the mineral ized  bedrock over which 
anomalous c o n c e n t r a t i o n s  o f  copper in the surface so i l  exceed 3,000 ppm.
The outcrop o f  s c a p o l i t e  g r a n u l i t e  is  revea led on t r a n s e c t  22 by 
low concen t ra t ions  o f  c o b a l t  in the surface  so i l  (Fig.  92).  Concentra­
tions of c o b a l t  in the  p l a n t  t i s s u e  of  species sampled along the  t r a n s e c t  
are r e l a t i v e l y  uniform and low and do no t  r e f l e c t  the sharp increase  in 
the metal con ten t  o f  the su r f ace  so i l  which occurs to the e a s t  of  the lode 
over the outc rop of  l imes tone agglomerate and the  gen t le  inc rease  to the 
west over mixed c o l l u v i a l  and res idua l  m a te r i a l .
Surface co n c e n t r a t io n s  o f  i ron in the so i l  are r e f l e c t e d  in the metal 
uptake of ground cover spec ie s  which conta in  g r e a t e r  amounts of the metal 
than deeper roo t in g  t r e e  and shrub spec ie s  (Figs.  88, 90 and 93).  As 
•"evealed in o th e r  a r e a s ,  conce n t ra t ions  of  icon in the surface  so i l  over 
mineralized bedrock a re  r e l a t i v e l y  high,  and the in d i c a c r r  p la n t s  v/i thin
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FIGURE 94 The copper,  c o b a l t ,  z rnc ,  lead and i ron
c o n te n t  of  the  su r face  so i l  (minus 80 f r a c t i o n  
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FIGURE 95 The copper,  c o b a l t ,  z inc ,  lead  and iron
con ten t  o f  the sur face  so i l  (minus 80 f r a c t i o n )  
sampled along t r a v e r s e  D
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this zone cor responding ly  reveal  a high metal con ten t  in t h e i r  p la n t  
tissue.  The compara t ive ly  high amounts of  i ron  with in  the p l a n t  t i s s u e  
of the i n d i c a t o r  spec ies  may be s i g n i f i c a n t  in l i g h t  o f  l a b o ra to ry  s tu d ie s  
which have shown t h a t  a good iron  s t a t u s  l e s sens  the e f f e c t  o f  metal 
tox ic i ty  (Somers and Shive 1942, Antonovics e t  al 1971, Brooks 1972).
Continua tion  o f  weaker copper m i n e r a l i z a t i o n ,  along s t r i k e  to  north  
and south of  the outc ropping minera l ized  s c a p o l i t e  g r a n u l i t e  bedrock,  i s  
revealed in the a n a l y t i c a l  r e s u l t s  f o r  s o i l  samples taken along the  two 
geochemical t r a v e r s e s  (F igs .  94 and 95).  Traverse  C e x h i b i t s  the 
continuation  to  the south of  a f a i r l y  s t r o n g ,  c l e a r l y  de f in e d ,  so i l  
copper anomaly occur r ing  in an area  o f  sparse background vege ta t ion  and 
a t ta in ing  a maximum of over 4,000 ppm, w h i l s t  to  the n o r th ,  t r a v e r s e  D, 
located in a T rio d ia  pungens dominated ground cover ,  r ev ea ls  only a broad,  
weak anomaly, a t t a i n i n g  a maximum of 760 ppm. Bedrock copper m i n e ra l i z a t i o n  
and a s s o c ia t e d  geochemical s o i l  anomalies,  as in o the r  a reas  o f  c a l c -  
s i l i c a t e  rocks in the Corel la  fo rmat ion ,  v a r i e s  in i n t e n s i t y  (nor th  of  
t raverse  D, copper m in e r a l i z a t i o n  i s  p re v a l e n t  along s t r i k e  a t  the Two 
Sports mine) with a sporad ic  d i s t r i b u t i o n  along cons ide rab le  s t r i k e  l e n g th s .
The f i e l d  i n v e s t i g a t i o n s  in the Freehold 28 a r e a ,  fo l lowing up the 
i d e n t i f i c a t i o n  on co lour  i n f r a - r e d  photography o f  a d i s t i n c t  s p e c t r a l  
s ignature s i m i l a r  to t h a t  i d e n t i f i e d  as c o in c id en t  with the  Dugald River 
lode, s u b s t a n t i a t e  the presence of  an anomalous p la n t  community c o n t ro l l e d  
by tox ic  l e v e l s  o f  copper Over an outcrop of  minera l ized  s c a p o l i t e  
g ranu l i t e .  Prominent a rea s  o f  m i n e ra l i z a t i o n  were thus de tec ted  along 
the geo log ica l  s t r i k e  on co lour  i n f r a - r e d  f i lm  and on the ground by the 
e f fec t  o f  the r e s u l t a n t  to x i c  ground cond i t ions  on the d i s t r i b u t i o n  of  
vegetat ion u n i t s .
6.2 The Mount Po ly  - G r e e n h i l l s  area
In the Mount Poly - G re e n h i l l s  a r e a ,  nor th  e a s t  o f  the Knapdale 
quaVtzite range (Fig .  8 ) ,  d i s con t inuous  zones of  copper m i n e r a l i z a t i o n ,  
c h a r a c t e r i s t i c  o f  the c a l c - s i l i c a t e  rocks in the  Corel la  formation of  
this reg ion ,  occur p a r a l l e l  to the bedding over cons iderab le  d i s t a n c e s  
along the geo log ica l  s t r i k e .  Anomalous p la n t  communit ies,  provid ing  sur face  
expression of  m ine ra l i zed  bedrock,  were recognised on the f a l s e  co lour 
in f ra- red  photography and found w i th in  an area  of  d i s s e c t e d ,  mixed 
residual and c o l lu v i a l  m a te r ia l  occur r ing  on level  i n t e r f l u v e s  and gen t ly  
undulating t e r r a i n ,  broken by prominent no r th -sou th  o r i e n t a t e d  q u a r t z i t e  
ridges and lower,  more rounded,  q ua r tz  r e e f s .  This geo log ica l  d i s t i n c t i o n  
of t e r r a i n  types i s  emphasised on the co lour  i n f r a - r e d  photography by the 
r e s u l t an t  s p e c t r a l  s i g n a t u r e s  produced by c o n t r a s t i n g  s o i l s  and vege ta t ion  
units.
6.2.1 Recogni t i o n  of  anomalous  p la n t  communities on the  f a l s e  co lour  
i n f r a - r ed photography
The s p e c t r a l  s i g n a t u re  u n i t s  recognised and in t e r p r e t e d  from the  
colour i n f r a - r e d  photography of  t h i s  area  are  shown in Fig.  96. F i f t e e n  
spectral u n i t s  have been i d e n t i f i e d  on the ba s i s  of  the dominant spec ies  
occurring w i th in  each s p e c t r a l  u n i t ,  the  very sm al l ,  r ecogn isab le  
signatures procuced by the  d i s t r i b u t i o n  of s u b s id ia ry  spec ies  being omi tted .  
Consequently no s i m p l i f i c a t i o n  o f  the s ig n a tu re  map i s  requ i red  as only 
one prominent combined s ig n a tu r e  i s  mapped which occurs over q u i t e  
extensive a rea s  t h a t  are r e l a t i v e l y  uniform. Although not  p re s e n t in g  as 
much d e t a i l e d  inform ation  on the  d i s t r i b u t i o n  o f  ind iv idua l  s p e c i e s ,  t h i s  
a l t e rn a t iv e  method of s p e c t r a l  s ig n a tu r e  i n t e r p r e t a t i o n  i s  u s e f u l ,  e s p e c i a l l y  
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assoc ia t ions  to t e r r a i n  u n i t s ,  microdensi tomete r  groupings and automated 
machine i n t e r p r e t a t i o n s  invo lv ing  computer p r i n t - o u t s .
• Although no t  so c l e a r l y  d e f in e d ,  s pec t ra l  s ig n a tu re s  s i m i l a r  to  those
ide n t i f i ed  fo r  m ine ra l i zed  t e r r a i n  w i th in  the  Dugald River lode environment
were once more recognised as occur r ing  with in  t h i s  a rea .  The sp e c t r a l
signature of  the anomalous p l a n t  communit ies , however, i s  s u b j e c t  to s l i g h t
var ia t ions  in hue and o f ten  i s  i n d i s t i n c t  due to v a r i a t i o n s  in d e n s i ty  of
the i n d i c a to r  p la n t s  r e l a t i v e  to  bare ground and the small width o f  the
anomaly in r e l a t i o n  to  the  s i z e  o f  the  ad jacen t  dense clumps of  T viod ia
pungens. The d i sc o n t in u o u s ,  sporadic  and f r eq u en t ly  very weak m in e ra l i z a -  
/
' tion along q u i t e  long s t r i k e  l eng ths  in the Mount Poly area  o f ten  supports  
only a few i s o l a t e d  i n d i c a t o r  p la n t s  i n t e r s p e r s e d  with the background 
vegetation (Fig.  97) where consequent ly  the  d i s t i n c t i v e  s p e c t r a l  s ig n a tu re  
(I) cannot be d i s t i n g u i s h e d  on the co lour  i n f r a - r e d  photography. Where a 
well de fined anomalous p l a n t  community, dominated by Eriachne rmcronata  
and Eolycarpaea glabra^  occurs over minera l ized  bedrock the  c h a r a c t e r i s t i c  
signature can r e a d i l y  be i d e n t i f i e d  on the co lour  i n f r a - r e d  photography.
The co lour  i n f r a - r e d  s ig n a tu r e s  mapped in Fig.  96 are  s i m i l a r  to 
those i d e n t i f i e d  in the  Dugald River lode a rea .  Areas of  q u a r t z ,  q u a r t z i t e  
and other  near  su r f ace  outc rops  of  bedrock only suppor t  t h i n ,  s k e l e t a l  
soils where T rio d ia  p u n g e n s dominant in the ground cover ,  i s  r e sp o n s ib le  
for the dark blue green ,  rough t e x tu r a l  s ig n a tu re s  whose v a r i a t i o n  in 
tone and t e x tu r e  i s  r e l a t e d  to  the d e n s i ty  o f  the  spec ie s  in combination 
with bare ground and rock outc rop  ( s p e c t r a l  u n i t s  8, 9,  10, 12 and 13).
The e x ten s iv e  i n t e r f l u v i a l  a reas  o f  red ,  sandy c lay  loams over mixed 
Golluvial and r e s id u a l  m a t e r i a l ,  suppor t  a v a r i e t y  o f  grass  spec ie s  where 
hriachne donrinii, Enneopogon p o ly p h y llu s  and A r is t id a  co n to r ta  are  
dominant in producing c h a r a c t e r i s t i c ,  red purp le s ig n a tu re s  ( s p e c t r a l
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units 3 + 5,  3, 4 and 7) .  Where the  s o i l s  are  t h i n n e r ,  Enneapogon 
polyphyllus  i s  only s p a r s e ly  d i s t r i b u t e d  and toge the r  v/ith bare ground 
produces th e  combined red purp le  and blue  green s igna tu re  of  s p e c t r a l  
unit 5. For the most p a r t ,  the  i n t e r f l u v i a l  lowlands are c h a r a c t e r i s e d  
by the combined s ig n a t u r e  o f  s c a t t e r e d ,  small d i s t r i b u t i o n s  of  Eriachne 
dominii i n t e r s p e r s e d  with spa rse  Enneapogon po lyph y llu s  and bare ground 
(spectral u n i t  3 + 5 ) .
Bare ground,  with a c h a r a c t e r i s t i c  veneer of  su r face  quar tz  
associated with the margins o f  leve l  i n t e r f l u v e s ,  produces a l i g h t  blue 
green s ig n a t u r e  ( s p e c t r a l  u n i t  18) which i s  d i s t i n c t  from t h a t  produced 
by a l a rg e  s i n g l e  outc rop o f  q u a r t z i t e  loca ted  in the  south of  the  area  
(spectral u n i t  19) ,  and the c h a r a c t e r i s t i c  s ig n a tu re  produced by weak 
infra-red r e f l e c t i o n  from the  anomalous p la n t  community and bare ground 
over m ine ra l i zed  bedrock.
6.2.2 R e la t io n sh ip s  between the  d i s t r i b u t i o n  of  spec t ral  s i g n a t u r e s ,
p l a n t  communit ies , bedrock m i n e r a l i z at io n  and o th e r  environmental 
parameters
The r e l a t i o n s h i p  between i n f r a - r e d  co lour  s ig n a tu re s  i n t e r p r e t e d  from 
the imagery, the d i s t r i b u t i o n  o f  veg e ta t io n  u n i t s  and the  c o n t r o l l i n g  
influence o f  bedrock m i n e r a l i z a t i o n  and o the r  s i g n i f i c a n t  f a c t o r s  w ith in  
the phys ica l  environment o f  the area  were in v e s t ig a t e d  by spec ie s  
frequency reco rd ing  and p l a n t  and so i l  sampling along two t r a n s e c t s  
orientated from e a s t  to west ac ross  the geologica l  s t r i k e  of  the  more 
continuous Mount Poly ve g e ta t io n  anomaly, (Fig.  97).  In a d d i t i o n ,  two 
geochemical t r a v e r s e s ,  inc lud ing  spo t  sampling o f  in d iv idua l  p l a n t  s p e c i e s ,  
were s i t e d  over the  southern  e x tens ions  of  the anomalous p l a n t  community 
CO compare metal co n c e n t r a t i o n s  in the corresponding ;-Iants  and s o i l s
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and reveal  p o s s i b l e  v a r i a t i o n s  o f  m i n e r a l i z a t i o n  in the  bedrock along 
s t r ike ,  (F ig .  97) .  The G re e n h i l l s  anomaly, s im i l a r  in spec ie s  composition 
and form (shown on Fig.  95 but  not  on Fig.  97) was a l so  s tud ied  by so i l  
and p la n t  sampling,  undertaken along a t r a n s e c t  o r i e n t a t e d  e a s t  to 
west ac ross  the geo log ica l  s t r i k e .
The f requency  d i s t r i b u t i o n  of  p l a n t  spec ies  along t r a n s e c t s  1,
(Fig. 98) and 15, (Fig.  99) e l a b o r a t e s  the  d e t a i l e d  spec ies  composition 
of the p l a n t  cover c o n t r i b u t i n g  to  the  sp ec t r a l  s ig n a tu re s  i n t e r p r e t e d  
from the i n f r a - r e d  imagery and r e v e a l s  t h a t  the  anomalous p l a n t  community 
is only found in a s s o c i a t i o n  with above average con ce n t ra t io n s  o f  copper 
in the su r f ace  s o i l  loc a ted  over the outc rop of  copper bearing bedrock.  
Furthermore, Fig.  97 r e v e a l s  over  the  whole area  t h a t  the uniform 
spectral s i g n a t u r e  of the  anomalous p l a n t  community i s  in f a c t  composed 
of a number of  p l a n t  i n d i c a t o r  spec ie s  which vary both in t h e i r  r e l a t i v e  
d i s t r i b u t io n  and d e n s i ty .
Folyocœpaea glabra^  more l i m i t e d  in i t s  d i s t r i b u t i o n , occurs on 
prominent outc ropping  bands of  m ine ra l i zed  bedrock where the metal con ten t  
in the so i l  i s  h ig h e s t ,  w h i l s t  Eriachne mucronata^ occupying a more 
extensive a r e a ,  a c c u r a t e l y  o u t l i n e s  the d i s t r i b u t i o n  and e x t e n t  of  the 
mineralized bedrock zones along the  geologica l  s t r i k e .  Tephrosia purpurea  
var. a x i l la r i s  e x h i b i t s  a more widespread occurrence and al though 
concentrated in a reas  marginal  to  the  anomaiou: p la n t  community is  
usefully found along the  s t r i k e ,  i n d i c a t i n g  the bedrock outcrop between 
prominent a rea s  o f  m i n e r a l i z a t i o n  where the anomalous p la n t  spec ies  in 
the ground cover are  dominant.  P oss ib ly  t h i s  deep roo t ing  shrub,  in 
such a r e a s ,  may be responding to  anomalous concen t ra t ions  of  metal w ith in  
its roo t ing  zone w h i l s t  s im ul taneous ly  lower values near the sur face  
enable shallow roo t ing  members o f  the background vege ta t ion  to surv ive .
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figure 98 P lan t  species frequency d i s t r i b u t i o n  in r e l a t i o n  to surface  
so i l  geochemistry,  r e l i e f  and geology along t r a n s e c t  1
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F im b ris ty lis  sp. af f .  F. dichotoma^ although occur r ing as a 
subsidiary spec ie s  in the anomalous p l a n t  community, i s  p r im ar i ly  a 
pioneer p la n t  and i t s  d i s t r i b u t i o n  i s  a l so  r e l a t e d  to the mainly bare 
rock sur face  of  an outcropping quar tz  r e e f  which f requen t ly  l i e s  ad jacen t  to 
the mineral ized  bedrock along the geologica l  s t r i k e .  This spec ie s  becomes 
dominant in the extreme nor th where the  m in e ra l i za t io n  i s  weak and the 
d i s t r i b u t io n  of i n d i c a t o r  p la n t s  correspondingly sparse.  Fig.  97 a lso
reveals t h a t  prominent a reas  of  c a l c r e t e ,  to the  nor th of  the lode ,  support
a c h a r a c t e r i s t i c  p la n t  community dominated by P ti lo tu s  c lem en tii  which, 
although nor th o f  the mapped area  of  spec t r a l  s i g n a t u r e s ,  are recognisab le  
on the i n f r a - r e d  co lour  imagery.
On t r a n s e c t  1, e a s t  and west of  the  lode zone, dense T rio d ia  pungens^ 
dominant in the ground l a y e r ,  i s  r e spons ib le  fo r  the dark blue green tone
of spec t ra l  u n i t  8 and where the  d e n s i ty  of  t h i s  spec ies  is  reduced,  i t s
combination with Enneapogon polyphyllus^  R o tth o e llia  formosa  and Eriachne 
dominii r e s u l t s  in the combined blue green and red purple s igna tu re  of  
spectral u n i t  11 (Fig.  98).  To the e a s t ,  i n t e r f l u v i a l  a r e a s ,  too small 
to be in d i v id u a l ly  recognised a t  the 1:15,000 sca le  and overshadowed by 
the dominance of  T rio d ia  pungens^ s u b s t a n t i a t e  t h a t  the deeper s o i l s  of  
the level  i n t e r f l u v e  areas  dominantly support  Eriachne dom inii and 
Enneapogon p o lyp h y llu s  grass  spec ies  as i d e n t i f i e d  in the red purple 
signatures  of  s p e c t r a l  u n i t s  3 and 3 + 5 .  Sehima nervosum^ Themeda 
au.stralis  and B othriochloa ew artiana  occur as s u bs id ia ry  spec ie s  in small 
drainage channels in ad d i t io n  to Eriachne mucronata  and Tephrosia eriocarpa  
which r e f l e c t  h igher  con ce n t ra t io n s  of  copper in the surface ma ter ia l  of  
the stream beds d ispersed  by drainage from the lode zone. S i g n i f i c a n t l y  
Tephrosia eriocarpa  only prominently occurs over concen t ra t ions  of  copper 
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FIGURE 99 P lan t  spec ies  frequency d i s t r i b u t i o n  in r e l a t i o n  to 
sur face  so i l  geochemistry, r e l i e f  and geology along 
t r a n s e c t  15
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On t r a n s e c t  15, Enneapogon po lyph yllu s^  dominant in the  ground l a y e r  
to e a s t  and west  o f  the  lode zone,  i s  p r im a r i l y  r e s p o n s ib l e  f o r  the  red 
purple s i g n a t u r e  o f  s p e c t r a l  u n i t  3 + 5 .  However, spec ie s  r e c o r d i n g ,  
undertaken on t h i s  t r a n s e c t  in the  d r i e r  c o n d i t io n s  o f  the 1972 f i e l d  
season, r e v e a l s  t h a t  a r e a s  o f  Eriachne dom inii  have been r ep la ced  in t h i s  
northern a rea  by a combination o f  Enneapogon p o ly p h y llu s  and F im b r is ty l is  sp. 
aff,  F. dichotoma,, (F ig .  99 ) .  D r ie r  con d i t io n s  are  a l s o  probab ly  re spon­
sible f o r  the more widespread occurrence  of  T rio d ia  pungens recorded  on 
t ransec t  15, the  s p e c ie s  encroach ing  from the west  where a dense ground 
cover, producing a dark blue green s i g n a t u r e ,  i s  a s s o c i a t e d  with d i s s e c t e d  
t e r r a in  ( s p e c t r a l  u n i t  14).  Even though the  r e l a t i v e  p ro p o r t io n s  o f  
individual s p e c i e s  have a l t e r e d ,  the  s p e c t r a l  s ig n a t u r e s  i n t e r p r e t e d  from 
the i n f r a - r e d  imagery s t i l l  c l e a r l y  c o r r e l a t e  with the  ground recorded  
data.
Comparison o f  the  s p e c t r a l  s i g n a t u r e  u n i t s  and f requency d i s t r i b u t i o n  
of p la n t  s p e c ie s  along t r a n s e c t  1 with  the  a n a l y t i c a l  da ta  showing the  
amount o f  copper in the  t i s s u e  of  samples o f  t r e e ,  shrub ,  g rass  and herb 
species and in the  minus 80 and minus 270 f r a c t i o n s  o f  the suppor t ing  s o i l s  
confirms the  c o n t ro l  o f  copper t o x i c i t y  over the  outc ropping  m in e ra l i zed  
bedrock (F ig .  100).  A s i m i l a r  r e l a t i o n s h i p  i s  a l s o  revea led  to  the  no r th  
on t r a n s e c t  15, where,  a l though  maximum c o n c e n t r a t i o n s  o f  copper in the  
surface s o i l  o f  over  2,000 ppm are  i n s u f f i c i e n t l y  high to  c r e a t e  an 
e f fec t ive  c u t - o u t  of  background T rio d ia  pungens^ l e v e l s  a re  adequate to 
support the  anomalous p l a n t  community which i s  dominant over  background 
species whose com pet i t ion  i s  g r e a t l y  reduced by to x i c  c o n d i t i o n s ,  (F ig .  101), 
In the G re e n h i l l s  a r e a ,  however, on t r a n s e c t  8 copper va lues  in the  
surface s o i l  a t t a i n  7,000 ppm, c r e a t i n g  a d e f i n i t e  c u t -o u t  o f  background 
species over  the  m in e ra l i z e d  bedrock (F ig .  102).
2 4 8










T R A N S E C T  N U M B E R  I








_C ....... t ,  ■ ... fl______ I-------- L
































TEPHROSIA PURPUREA VAR. AX ILLAR IS i«u iis
TEPHROSIA PURPUREA VAR. AX ILLAR IS
TEPHROSIA PURPUREA VAR. AX ILLAR IS stcM
, TEPHROSIA ERIOCARPA i i« (S  ««c
! 2 S .  _  . . .  . s
TRIODIA PUNGENS
J  I  II S R !_ _ ._ _ D_ _ D_ I ____1_
e r ia c h n e  MUCRONATA
J _ J L
F IM BR ISTYLIS SP. AFF. F . DICHOTOMA





















200 17S ISO 125
METRES2 7 0 ’ n
FIGURE TOO The copper conten t  o f  the p lan t  t i s s u e  of  s e le c te d  spec ies  
sampled along t r a n s e c t  I in r e l a t i o n  to the geochemistry 
o f  the sur face  so i l
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FIGURE 101 The c o p p e r  c o n t e n t  o f  t he  p l a n t  t i s s u e
o f  s e l e c t e d  s p e c i e s  sampled a l o n g  t r a n s e c t  15 
in r e l a t i o n  to  t h e  g e o c h e m i s t r y  o f  t he  s u r f a c e  
s o i l
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FIGURE 102 The c o p p e r  c o n t e n t  o f  t h e  p l a n t  t i s s u e  o f  
s e l e c t e d  s p e c i e s  sampl ed  a l o n g  t r a n s e c t  8 
i n  r e l a t i o n  to  t h e  g e o c h e m i s t r y  o f  t h e  
s u r f a c e  s o i l
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Above a v e r a g e  c o p p e r  c o n t e n t  i n  t h e  p l a n t  t i s s u e  o f  T e p h ro s ia  e r io ca rp a ^  
e s p e c i a l l y  on t r a n s e c t  8 , a p p e a r s  t o  s u p p o r t  t h e  s u g g e s t i o n  t h a t  t h e  d i s t r i ­
but ion o f  t h i s  s p e c i e s  may be r e l a t e d  t o  h i g h e r  l e v e l s  o f  c o p p e r  p a r t i c u l a r l y  
in t he  s u r f a c e  s o i l  a s  t h e  p l a n t  i s  g r o u n d  c l i n g i n g  i n  form w i t h  s h a l l o w  
r oo t s ,  ( F i g s  100 and 1 0 3 ) .
C o n t i n u a t i o n  o f  m i n e r a l i z a t i o n ,  a s  r e v e a l e d  by t h e  s o u t h e r n  o c c u r r e n c e  
of i n d i c a t o r  p l a n t s ,  i s  c o n f i r m e d  in  t h e  a n a l y t i c a l  r e s u l t s  f o r  s o i l  and s p o t  
p l an t  s amp l e s  t a k e n  a l o n g  t h e  two geoc hemi ca l  t r a v e r s e s ,  ( F i g .  1 03 ) .  These  
show t h a t  t h e  m i n e r a l i z a t i o n  and a s s o c i a t e d  s o i l  co p p e r  anomaly i s  v a r i a b l e  
in i t s  c o n c e n t r a t i o n  a l o n g  t h e  g e o l o g i c a l  s t r i k e  and r e s p o n s i b l e  f o r  t h e  
cont rol  o f  t h e  d i s t r i b u t i o n  o f  i n d i c a t o r  p l a n t s  which a c c u r a t e l y  r e v e a l  t h e  
presence  and e x t e n t  o f  t h e  m i n e r a l i z e d  b e d r o c k .  S i g n i f i c a n t l y  F olycarpaea  
glabra  o c c u r s  o v e r  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  c o p p e r  i n  t h e  s u r f a c e  s o i l  
where i t  o n l y  r e f l e c t s  a s l i g h t  i n c r e a s e  i n  t h e  meta l  c o n t e n t  o f  i t s  p l a n t  
t i s s u e .  The h i g h  anomal ous  c o n c e n t r a t i o n s  o f  c o p p e r  i n  t h e  s u r f a c e  s o i l  
a t  t h e  s o u t h e r n  l i m i t  o f  t h e  anomal ous  p l a n t  communi ty p r o b a b l y  i n d i c a t e s  
t ha t  c o p p e r  m i n e r a l i z a t i o n  o c c u r s  i n  d i s c o n t i n u o u s  zones  a l o n g  t h e  g e o l o g i c a l  
s t r i k e .
The s p e c t r a l  s i g n a t u r e s ,  r e c o r d e d  on c o l o u r  i n f r a - r e d  i mager y  f o r  t h e  
Mount Po l y  -  G r e e n h i l l s  a r e a ,  c o r r e s p o n d  w i t h  che domi nan t  g round  s u r f a c e  
p a t t e r n s  o f  t h e  d i f f e r e n t  v e g e t a t i o n  a s s o c i a t i o n s ,  p l a n t  commu n i t i e s  and 
exposed a r e a s  o f  b a r e  s o i l  and r o c k  o u t c r o p .  The s i g n a t u r e  u n i t s  a l s o  r e f l e c t  
the c l o s e  r e l a t i o n s h i p  e x i s t i n g  be t ween  t h e  s u r f a c e  v e g e t a t i o n ,  s o i l s  and 
u n de r l y i ng  g e o l o g y ,  as  i l l u s t r a t e d  by t h e  c o n t r a s t  be tween t h e  domi nan t  
blue t o n e s  o f  t h e  E u c a lyp tu s  b r e v i f a l i a s  T r io d ia  pungens  a s s o c i a t i o n  
suppor t ed  on t h e  s k e l e t a l  s o i l s  and g e n e r a l  a c i d  e n v i r o n m e n t  o f  t h e  q u a r t z  
and q u a r t z i t i c  r o c k s  and t h e  r e d  p u r p l e  t o n e s  o f  t h e  E u c a lyp tu s  a r g i l la c e a ,
E. t e r m in a l i s ,  E riachne  d o m in i i ,  Enneapogon p o ly p h y l lu s  à s s o c i à t i o n s  o c c u r ­
r ing on t h e  d e e p e r  sandy  c l a y  loams o v e r  mixed c o l l u v i a l  and r e s i d u a l  m a t e r i a l  
on i n t e r f l u v e  s i t e s .
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FIGURE 103 The c o p p e r  c o n t e n t  o f  t h e  s u r f a c e  s o i l  (minus  80 f r a c t i o n )
and s p o t  s ampl e s  o f  P olycarpaea  g la b ra  t a k e n  a l o n g  t r a v e r s e s  
H and G
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S p e c t r a l  s i g n a t u r e  u n i t s ,  mapped w i t h i n  t h e  a r e a ,  a d d i t i o n a l l y  r e v e a l  
the e n v i r o n m e n t a l  r e l a t i o n s h i p  be t ween  v e g e t a t i o n  and geomor pho l ogy ,  a s  
t e r r a i n  u n i t s ,  f o r mi ng  c o n s t i t u e n t  e l e m e n t s  o f  t h e  l a n d s c a p e ,  f r e q u e n t l y  
suppor t  c h a r a c t e r i s t i c  v e g e t a t i o n  a s s o c i a t i o n s .  T r io d ia  pungens, f o r  
example,  i n t e r p r e t e d  i n  s p e c t r a l  u n i t  14,  a c c u r a t e l y  d e p i c t s  a l l  t h e  l i n e s  
of d r a i n a g e  and a r e a s  o f  g u l l y  e r o s i o n ,  En-neapogon p o ly p h y l lu s  and E riachne  
dom inii ( s p e c t r a l  u n i t  3 + 5) a r e  i n d i c a t i v e  o f  l e v e l  i n t e r f l u v e  s i t e s  w h i l s t  
the T r io d ia  pungens, Enneapogon p o ly p h y l lu s  s p e c t r a l  u n i t  11 a s s i s t s  i n  t h e  
r e c o g n i t i o n  o f  d e g r a d e d  i n t e r f l u v i a l  s i t e s .  The mos t  s t r i k i n g  r e l a t i o n s h i p  
ev i den t  w i t h i n  t h e  a r e a ,  be t ween t h e  d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s ,  
v e g e t a t i o n  u n i t s  and t h e  i n f l u e n c e  o f  t h e  p h y s i c a l  e n v i r o n m e n t  i s  however ,  
once more ,  t h a t  which e x i s t s  be t ween  c o p p e r  m i n e r a l i z e d  b ed r o ck  and t h e  
r e l a t e d ,  t o x i c  an o ma l o u s ,  h i g h  c o n c e n t r a t i o n s  o f  meta l  i n  t h e  s u r f a c e  s o i l  
which a r e  r e v e a l e d  so c l e a r l y  on t h e  i n f r a - r e d  c o l o u r  imagery  by t h e  p r e s e n c e  
of a g e o b o t a n i c a l l y  anomal ous  p l a n t  communi ty.
6 . 2 . 3  Q u a n t i t a t i v e  s t u d i e s  o f  t h e  m u l t i  s p e c t r a l  p h o t o g r a p h y  and ground 
t r u t h  d a t a
S i m i l a r  q u a n t i t a t i v e  s t u d i e s  t o  t h o s e  u n d e r t a k e n  on t r a n s e c t  19,  o v e r  
the Dugald R i v e r  l o d e ,  were c a r r i e d  o u t  i n  t h e  Mount P o l y  a r e a  on t r a n s e c t  1.  
M i c r o d e n s i t o m e t e r  s c a n s ,  s a m p l i n g  ea ch  p i c t u r e  e l e m e n t  a l o n g  t h e  t r a n s e c t  
l i n e ,  a c r o s s  t h e  f r a m e ,  e n a b l e d  t h e  o p t i c a l  d e n s i t y  t o  be meas u r ed  in  each  
of t he  e i g h t  s p e c t r a l  b a n d s ,  t h e  v a l u e s  b e i n g  i n i t i a l l y  g r a p h e d  b e f o r e  
f u r t h e r  c o mp u t e r  s t a t i s t i c a l  c l u s t e r i n g  a n a l y s i s .  S t a t i s t i c a l  c o r r e l a t i o n  
s t u d i e s  were  a l s o  u n d e r t a k e n  u s i n g  t h e  m i c r o d e n s i t o m e t e r  o p t i c a l  d e n s i t y  
measurements  i n  r e l a t i o n  t o  t r a n s e c t  d a t a  by means o f  a co mp u t e r  c o r r e l a t i o n  
mat r ix .
( i ) I n t e r p r e t a t i o n  o f  t h e  m i c r o d e n s i t o m e t e r  o p t i c a l  d e n s i t y  meas u r emen t s  
T r a n s e c t  1 was s canned  on a l l  f o u r  f i l m s ,  t h e  two c o l o u r  f i l m s  b e i n g  
scanned t h r e e  t i m e s  each  w i t h  f i l t e r s  c o r r e s p o n d i n g  t o  t h e  p r i m a r y  
co l our s .  O p t i c a l  d e n s i t y  s c a n  l i n e s  f o r  t h e  f a l s e  c o l o u r  i n f r a - r e d  band ,  
the f a l s e  c o l o u r  b l u e  band and t h e  t r u e  c o l o u r  r ed  band a r e  s u p e r i mp o s e d
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on Fig .  104.  These  t h r e e  s p e c t r a l  bands  a r e  r e p r e s e n t a t i v e  o f  t h e
v a r i a t i o n  in  o p t i c a l  d e n s i t y  t h a t  o c c u r s  a c r o s s  t h e  f r ame a r e a  a l o n g  t h e
l ine o f  t r a n s e c t  1.  Al l  e i g h t  bands  a r e  used  i n  t h e  f u l l  s t a t i s t i c a l  
c l u s t e r i n g  programme b u t  a s  c o mp a r i s o n  o f  p u r e l y  s p e c t r a l  d a t a  w i t h  
i n t e r p r e t a t i o n  o f  s p e c t r a l  u n i t s  on t h e  f i n a l  i magery  can o n l y  be o f  a 
p r e l i m i n a r y  and s i mp l e  n a t u r e ,  a s  i n t e r p r e t a t i o n  by eye  a l s o  t a k e s  i n t o  
account  t e x t u r a l  and o t h e r  s p a t i a l  i n f o r m a t i o n ,  o n l y  t h r e e  c h a r a c t e r i s t i c  
o p t i c a l  d e n s i t y  g r a p h s  o f  s p e c t r a l  bands  have been s u p e r i mp o s e d  f o r  
c l a r i t y .
The s c a n  l i n e s ,  w i t h  a f i v e - f o l d  m a g n i f i c a t i o n  f o r  c l a r i f i c a t i o n  o f  
d e t a i l ,  r e v e a l  t h a t  t h e  v a r i a t i o n  i n  f r e q u e n c y  mag n i t u d e  and c o n s e q u e n t l y
tone i s  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  i n f r a - r e d  band .  The f a l s e  c o l o u r
blue band has  a l o we r  ma g n i t u d e  and c o m p a r a t i v e l y  l i t t l e  v a r i a t i o n  in  
f r equenc y  and i s  i n d i c a t i v e  o f  t h e  p r e d o mi n a n t  d a r k  b l u e  t o n e s  a s s o c i a t e d  
wi th T r io d ia  vungens  and b a r e  g round  whi ch  o c c u r  a c r o s s  t h e  f a l s e  c o l o u r  
i n f r a - r e d  f i l m .  In c o mp a r i s o n  w i t h  t h e  i n f r a - r e d  b and ,  t h e  v a r i a t i o n  in 
blue t o n e s  i s  r e l a t i v e l y  s m a l l .  F r e q u e n c y  m a g n i t u d e ,  however ,  i s  h i g h e s t  
for  t h e  t r u e  c o l o u r  r e d  band which i s  p r o b a b l y  r e l a t e d  t o  t h e  h i gh
i n c i d e n c e  o f  b a r e  g r ound  and ex p o s e d  r e d  brown s o i l s  t h a t  o c c u r  a c r o s s
the a r e a .  V a r i a t i o n  i n  f r e q u e n c y  and t o n e  a r e  q u i t e  s i g n i f i c a n t  b u t  do
not  c o v e r  a s  g r e a t  a r a n g e  a s  t h e  i n f r a - r e d  band o f  t h e  f a l s e  c o l o u r
i n f r a - r e d  f i l m .  S i g n i f i c a n t  d i f f e r e n c e s  i n  f r e q u e n c y  p a t t e r n  e x i s t  
between t h e s e  two bands  a s  o v e r  e x t e n s i v e  a r e a s  o f  b a r e  g round i n f r a - r e d  
r e f l e c t i o n  i s  p o o r  and d a r k  t o n e s  a r e  r e c o r d e d  on i n f r a - r e d  c o l o u r  f i l m  
w h i l s t  r e d  r e f l e c t i o n  i s  h i gh  w i t h  c o r r e s p o n d i n g  l i g h t e r  t o n e s  b e i n g  
r e co r d e d  on t r u e  c o l o u r  f i l m ,  ( F i g .  1 0 4 ) .
Al t h o u g h  o n l y  s i mp l e  i n t e r p r e t a t i o n s  can be made f rom t h e  s p e c t r a l  
d a t a ,  c e r t a i n  u n i f o r m  a r e a s  o f  s p e c t r a l  v a r i a t i o n  can be b r o a d l y  c o r r e l a t e d  
wi th s i g n a t u r e  u n i t s  i n t e r p r e t e d  f rom t h e  c o l o u r  i n f r a - r e d  i mage r y .
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The o u t c r o p  o f  m i n e r a l i z e d  a r g i l l i t e  and a s s o c i a t e d  anomal ous  p l a n t  
community p r o d u c e s  a c l e a r l y  d e f i n e d  peak  o f  h i gh  i n f r a - r e d  r e f l e c t a n c e  
and mode r a t e  peaks  o f  r e f l e c t i o n  i n  t h e  r e d  and b l ue  b a n d s .  C o n s i d e r i n g  
the f r e q u e n c y  v a r i a t i o n  and r e f l e c t i o n  c h a r a c t e r i s t i c s  f o r  a l l  t h r e e  b a n d s ,  
the most  u n i f o r m  r e s p o n s e  i s  t h a t  o f  t h e  l o d e  zone which i s  i n  marked 
c o n t r a s t  t o  t h e  v a r i a b l e  o p t i c a l  d e n s i t y  p a t t e r n  o f  a d j a c e n t  a r e a s .  To 
the e a s t  o f  t h e  s ca n  l i n e s ,  a d i s t i n c t  a r e a  o f  h i g h ,  u n i f o r m t r u e  c o l o u r  
red r e f l e c t a n c e  c o r r e s p o n d s  w i t h  a v a r i a b l e  a r e a  o f  l o we r  i n f r a - r e d  and 
r e l a t i v e l y  u n i f o r m  b l u e  r e f l e c t a n c e  whi ch can be r e l a t e d  t o  t h e  s p e c t r a l  
s i g n a t u r e  u n i t s  i n t e r p r e t e d  t o  t h e  e a s t  o f  t h e  p r o mi n e n t  q u a r t z i t e  r i d g e  
and a s s o c i a t e d  s l o p e s .  On t h e s e  l e v e l  i n t e r f l u v i a l  a r e a s  b a r e  g round  i s  
dominant  and r e s p o n s i b l e  f o r  t h e  c h a r a c t e r i s t i c  o v e r a l l  o p t i c a l  d e n s i t y  
p a t t e r n  r e v e a l e d  on t h e  g r a p h s ,  t h e  more d e t a i l e d  v a r i a t i o n  i n  f r e q u e n c y  
being r e l a t e d  t o  s p a r s e  o c c u r r e n c e s  o f  E riachne  d o m in ii^  T r io d ia  pungens  
and Enneccpogon p o ly p h y t lu s .
To t h e  w e s t ,  an a r e a  o f  v a r i a b l e ,  h i g h e r  i n f r a - r e d  r e f l e c t a n c e  and 
lower t r u e  c o l o u r  r e d  r e f l e c t a n c e  i s  i n d i c a t i v e  o f  T r io d ia  pungens  o v e r  
q u a r t z i t e  which i s  t e r m i n a t e d  by a v e r y  d i s t i n c t  s m a l l e r  a r e a  o f  low 
i n f r a - r e d  and b l u e  r e f l e c t a n c e  which c o r r e s p o n d s  t o  a d r a i n a g e  s ys t em 
dominated by de n s e  T r io d ia  pungens. A s i m i l a r  d r a i n a g e  a r e a  i s  a l s o  
r evea l ed  by low o p t i c a l  d e n s i t y  meas u r emen t s  on t h e  w e s t  o f  t h e  s can  l i n e s .  
Var i ab l e  g r ound  c o v e r ,  i m m e d i a t e l y  e a s t  and w e s t  o f  t h e  l o d e ,  r e s u l t s  
in t he  v a r i e d  f r e q u e n c y  r a n g e  o f  t h e  t h r e e  s p e c t r a l  b a n d s ,  ( F i g .  1 04) .  
However,  t h e  h i g h  i n c i d e n c e  o f  b a r e  g round  i s  r e v e a l e d  by t h e  s i g n i f i c a n t  
d i f f e r e n c e s  i n  ma g n i t u d e  be t ween  t h e  i n f r a - r e d  and r e d  bands  w h i l s t  
r e l a t i v e l y  h i gh  i n f r a - r e d  pea k s  a r e  r e l a t e d  t o  t h e  i n c i d e n c e  o f  
Eriachne dorn in ii and Enneapogon p o ly p h y t lu s  and a r e a s  o f  low i n f r a - r e d  
r e f l e c t i o n  t o  d e n s e  T r io d ia  pungens.
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A p r e l i m i n a r y  i n t e r p r e t a t i o n  o f  t h e  m i c r o d e n s i t o m e t e r  o p t i c a l  
d en s i t y  m e a s u r e m e n t s  i n  t h r e e  s p e c t r a l  c o l o u r  f i l m  bands  c o n s e q u e n t l y  
conf i rms t h e  s u p e r i o r i t y  o f  f a l s e  c o l o u r  i n f r a - r e d  f i l m  f o r  t o n a l  
d i s c r i m i n a t i o n  o f  o p t i c a l  s i g n a t u r e  u n i t s  and r e v e a l s  t h a t  on s p e c t r a l  
data a l o n e  a b r o a d  c o r r e l a t i o n  can be e s t a b l i s h e d  be t we en  o p t i c a l  d e n s i t y  
meas u r emen t s ,  i n t e r p r e t e d  s p e c t r a l  s i g n a t u r e s  and r e c o g n i s e d  g ro u n d  
v e g e t a t i o n  u n i t s .
( 1 i ) C o r r e l a t i o n  o f  o p t i c a l  d e n s i t y  m e a s u r e m e n t s ,  p l a n t  s p e c i e s  f r e q u e n c y  
d i s t r i b u t i o n  and t h e  t r a c e  e l e m e n t  met a l  c o n t e n t  o f  s o i l  and p l a n t  
s a m p l e s
The c o e f f i c i e n t s  f o r  c o r r e l a t i o n s  be t ween  t h e  p e r c e n t a g e  c o v e r  o f  
i n d i v i d u a l  s p e c i e s ,  o p t i c a l  d e n s i t y  me a s u r e me n t s  i n  t h e  e i g h t  s p e c t r a l  
bands and t h e  t r a c e  e l e m e n t  c o n t e n t  o f  t h e  s u p p o r t i n g  s u r f a c e  s o i l s  a r e  
given i n  T a b l e  9 where  c o r r e l a t i o n s  o f  h i g h  s i g n i f i c a n c e  a r e  u n d e r l i n e d .  
I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  p r e s e n t s  many d i f f i c u l t i e s ,  a s  i n  t h i s  
ar ea ,  s e v e r a l  s p e c i e s  have  d i r e c t l y  o p p o s i t e  c o r r e l a t i o n s  t o  t h o s e  r e c o r d e d  
for  t r a n s e c t  19.  T h i s  i s  i n d i c a t i v e  o f  t h e  many p r o b l ems  e n c o u n t e r e d  i n  
using s p e c t r a l  d a t a  a l o n e  i n  c o r r e l a t i o n  and a u t o m a t i c  i n t e r p r e t a t i o n  
s t u d i e s .
T r io d ia  pungens  u n e x p e c t e d l y  r e v e a l s  p o s i t i v e  c o r r e l a t i o n s  w i t h  t h e  
s p e c t r a l  b a n d s  o f  t h e  i n f r a - r e d  f i l m ,  e s p e c i a l l y  t h e  i n f r a - r e d  b a n d ,  and 
the p a n c h r o m a t i c  f i l m s ,  y e t  n e g a t i v e  c o r r e l a t i o n s  w i t h  t h e  t r u e  c o l o u r  
f i lm b a n d s .  A p o s s i b l e  e x p l a n a t i o n  may be t h a t  t h e  q u a r t z  and q u a r t z i t e  
l i t t e r e d  g r o u n d  s u r f a c e  b e t we en  t h e  s p e c i e s  i s  r e s p o n s i b l e  f o r  h i g h  
o p t i c a l  d e n s i t y  me a s u r e m e n t s  and c o n s e q u e n t l y  a p o s i t i v e  c o r r e l a t i o n  i s  
achieved b e t we en  h i g h  g r o u n d  c o v e r  and h i g h  r e f l e c t i v i t y  f rom t h e  b a c k ­
ground s u r f a c e .  R e f l e c t a n c e  f r om t h e  b a c k g r o u n d ,  b a r e  g round  s u r f a c e  i s  
probably  s u bdued  by t h e  T r io d ia  pungens  i n  t h e  t r u e  c o l o u r  b an d s  and
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Table 9  C o r r e la t io n  o f  s p e c tr a l  d a ta , p la n t  s p e c ie s  freq u en cy
d i s t r i b u t i o n  and  th e  t r a c e  e le m e n t m eta l 
s u p p o r t in g  s o i l s  a lo n g  t r a n s e c t  1 .
c o n te n t  o f  th e
P o l-jca rp a sa
g la b r a
E ria c h n e
m u orona ta
B u l b o s t y l i s
b a r b a ta
T e p h r o s ia
e r io c a r p a
T e p h r o s ia  
p u rp u re a  
v a r .  a x i l l a r i s
T r io d ia
pungens
E r ia ch n e
d o rn in ii
E nneapogon
p o ly p h y l lu s
S p o ro b o lu s
a u s t r a la s ia u s
Themeda
a u s t r a l i s
R o t t b o e l l i a
fo rm o sa
Gomphrena
c o n ic a g round
E u c a ly p tu s
t e r m in a l i s
E u c a ly p tu s
b r e t i f o l i a
False  c o lo u r - .1 5 4  1 .0 .055 - .1 6 3  1 .0 - .0 3 6 - .2 2 9  0 J_ .207  1 .0 - .1 0 3 - .1 8 4  1 .0 - .0 9 9 .169  1 .0 .223  0 J_ .157  1 .0 - .1 4 4  5 .0 .1 5 5  1 .0 .113  5 .0
F alse  c o lo u r  
blue - .0 8 0 .163  1 .0 - .1 2 5  5 .0 - .0 5 4 - .1 8 3  1 .0 .179  1 .0 - .1 3 5  5 .0 - .1 8 8  1 .0 - .0 7 6 .123  5 .0 .211 1 .0 .161 1 .0 - .1 2 3  5 .0 .067 .092
False  c o lo u r  
red - .1 0 1 .039 - .2 1 8  1 .0 - .0 4 4 - .2 5 1  ^ .267 0 .1 - .1 6 1  1 .0 - .1 8 2  1 .0 - .0 7 4 .163  1 .0 .200  1 .0 .1 8 0  1 .0 - .1 4 1  5 .0 .289  0 .1 - .0 2 9
True c o lo u r - .0 9 0 .1 4 5  6 .0 .015 - .0 2 8 - .1 1 1 - .0 7 4 .1 6 8  1 .0 - .0 5 1 - .1 4 6  5 .0 .213  1 .0 .169  1 .0 .126  5 .0 - .1 6 6  5 .0 - .0 5 1 .119  5 .0
True c o lo u r  
blue - .1 3 1  5 .0 .074 - .0 1 4 - .0 4 2 - .1 5 6  1 .0 - .1 1 8  5 .0 .169  1 .0 ,019 - .0 0 7 .166  1 .0 .132  5 .0 .150  1 .0 - .0 8 6 - .0 5 8 .109
True c o lo u r  
red - .1 2 0  5 .0 .048 - .1 4 8  5 .0 - .0 6 2 - .1 8 9  1 .0 - .0 7 5 .131 5 .0 - .0 4 5 - .0 7 7 .073 .056 .131 5 .0 - .0 1 2 -.1 0 1 - .0 0 9
Panchrom atic
green .1 9 2  1 .0 - .0 6 6 .1 4 2  5 .0 . 0 8 4 .310  OJ^ j  - .0 6 2 - .0 7 0 .003 - .0 1 7 -.1 8 1  1 .0 - .1 5 1  1 .0 - .1 5 3  1 .0 .1 2 8  5 .0 .012 - .1 0 2
Panchrom atic
yellow .189  1 .0 - .0 3 7 .156  1 .0 .086 .309  0 J_ - .1 1 3 - .0 7 8 .108 .069 - .2 0 0  1 .0  ' - .1 6 8  1 .0 - .1 6 9  1 .0 .191 1 .0 - .0 0 3 - .1 8 3  1 .0
Soil iro n  
co n te n t .321 0 J _ .229  OJ^ .391 0.1 .112 .409  0 .1 -.4 1 1  OJ^ .255 .145  5 .0 .000 .050 - .0 2 9 - .0 6 3 .053 - .1 8 5  1 .0 .022
Soil c o b a l t  
co n te n t .017 .082 - .0 2 9 - .0 1 0 - .1 0 7 - .3 2 6  OJ^ .4 2 2  0 J_ .320  OJ^ .056 .056  ! .091 - .0 1 0 - .0 5 5 - .1 0 4 - .0 1 0
Soil co p p er 
c o n te n t .689  O J^ .300  0 ^ .553  M .216  1 .0 .647  0 J_ - .1 0 3 - .1 2 1  5 .0 - .1 2 4  5 .0 - .1 5 5  1 .0 - .0 3 9 - .1 5 1  1 .0 - .1 2 7  5 .0 - .0 0 8 .050 - .1 8 7  1 .0
Soil z in c  
c o n te n t .045 .2 4 2  0 .1 .049 .001 .007 - .2 6 7  0 .1 - .0 7 9 - .0 3 2 - .0 2 7 .303  0 .1 .201 .043 .166  1 .0 - .1 2 3  5 .0 - .0 0 6
Soil le a d  
c o n te n t - .1 5 8  1 .0 - .0 3 3 - .3 1 9  ^ - .1 1 1 - .2 0 2  1 .0 - .1 0 8 .153  1 .0 .121 5 .0 .251 0 .1 - .0 0 9 .163  1 .0 .126  5 .0 .091 - .0 5 1 .166  1 .0
c o n s e q u e n t l y  c o r r e l a t i o n s  a r e  n e g a t i v e ,  a l t h o u g h  n o t  r e c o r d e d  a s  
p romi nen t l y  s i g n i f i c a n t .  S i m i l a r l y  Enneapogon p o ly p h y l lu s  and E ria ch n e  
dorninii r e v e a l  u n e x p e c t e d  n e g a t i v e  c o r r e l a t i o n s  w i t h  t h e  s p e c t r a l  bands  
of t he  i n f r a - r e d  f i l m  and i t  mus t  be assumed t h a t  t h i s  i s  t h e  r e s u l t  o f  
low p e r c e n t a g e  s p e c i e s  c o v e r  p r o d u c i n g  h i gh  o p t i c a l  d e n ^ - t y  m e a s u r e m e n t s .  
The d o m i n a n t l y  n e g a t i v e  c o r r e l a t i o n s  o f  b a r e  g r ound  p e r c e n t a g e  c o v e r ,  
s i m i l a r l y  e x p l a i n e d  by a low p e r c e n t a g e  d i s t r i b u t i o n  p r o d u c i n g  h i g h  
d e n s i t y  m e a s u r e m e n t s ,  a p p e a r  t o  s u b s t a n t i a t e  t h e  p r e v i o u s  f i n d i n g s  i n  
r e l a t i o n  t o  T r io d ia  pungens.
Weak r e f l e c t a n c e  o f  Volycccrpaea g la b ra  and B u lb o s ty l i s  b a rb a ta  
c o n c e n t r a t i o n s  a r e  i l l u s t r a t e d  by n e g a t i v e  c o r r e l a t i o n s  w h i l s t  t h e  s p a r s e r  
occur r ence  o f  E ria ch n e  mu.eronata  p r o d u c e s  p o s i t i v e  c o r r e l a t i o n s  i n  t h e  
t rue c o l o u r  g r e e n  and f a l s e  c o l o u r  b l u e  b a n d s .  S i g n i f i c a n t l y  a h i g h  
p o s i t i v e  c o r r e l a t i o n  i s  a c h i e v e d  b e t we en  E u c a ly p tu s  t e r m in a l i s  and t h e  
f a l s e  c o l o u r  i n f r a - r e d  b a n d ,  f o r  t h e  c rowns  o f  t h i s  t r e e  s p e c i e s  p r o d u c e  
a c h a r a c t e r i s t i c  r e d  p u r p l e ,  r e l a t i v e l y  h i g h  i n f r - - r e d  ^ ^ f l e c t i n g ,  
s i g n a t u r e  on c o l o u r  i n f r a - r e d  p h o t o g r a p h y .  The h i gh  n e g a t i v e  c o r r e l a t i o n s  
of T ep h ro sia  p u rp u rea  v a r . a x i l l a r i s  a r e  once  more t h e  r e s u l t  o f  low 
p e r cen t age  s p e c i e s  c o v e r  p r o d u c i n g  h i g h  o p t i c a l  d e n s i t y  m e a s u r e m e n t s ,  
wh i l s t  t h e  p o s i t i v e  c o r r e l a t i o n s  o f  s uch  s p e c i e s  a s  Themeda a u s t r a l i s  
are p r oduc ed  by low p e r c e n t a g e  c o v e r s  b e i n g  r e l a t e d  t o  low o p t i c a l  
dens i t y  m e a s u r e me n t s  e s p e c i a l l y  i n  d r a i n a g e  d ’. v a s  where  t h e s e  s p e c i e s  
occur.
The c o r r e l a t i o n  o f  p e r c e n t a g e  s p e c i e s  c o v e r  w i t h  t r a c e  e l e m e n t  me t a l  
values i n  t h e  s u r f a c e  s o i l  r e v e a l s  t h e  e x p e c t e d  p o s i t i v e  c o r r e l a t i o n  o f  
Eriachne m ucronata^ V o lyca rp a ea  g la b ra ^  B u lb o s ty l i s  b crh c ta j, T e p h ro s ia  
^Hocarpa  and T e p h ro s ia  p u rp u rea  v a r . a x i - l la r i s  w i t h  c o p p e r  c o n t e n t  i n  
"^ he s o i l .  I t  i s  a l s o  s i g n i f i c a n t  t h a t  t h e s e  s p e c i e s ,  t o g e t h e r  w i t h
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Eriachne d o r n i n i i have  a p o s i t i v e  c o r r e l a t i o n  w i t h  i r o n  c o n t e n t  i n  t h e  
s o i l ,  w h i l s t  T r io d ia  'pungens r e v e a l s  a n e g a t i v e  c o r r e l a t i o n .  E ria ch n e  
nrucronata and Themeda ccu .stra lis  have  h i g h  p o s i t i v e  c o r r e l a t i o n s  w i t h  t h e  
content  o f  z i n c  i n  t h e  s o i l  a s  t h e y  b o t h  o c c u r  i n  d r a i n a g e  c h a n n e l s  where  
zinc c o n c e n t r a t i o n s  a r e  h i g h e r  and T r io d ia  pungens  i s  a b s e n t ,  t h e  l a t t e r  
s pec i es  c o n s e q u e n t l y  r e v e a l i n g  a n e g a t i v e  c o r r e l a t i o n .  S l i g h t  i n c r e a s e s  
of c o b a l t  l e v e l s  i n  t h e  s o i l ,  o c c u r r i n g  w i t h  Enneapogon p o ly p h y l lu s  and 
Eriachne d o rn in ii a r e  r e s p o n s i b l e  f o r  a p o s i t i v e  c o r r e l a t i o n  w i t h  t h e s e  
spec ies  and a n e g a t i v e  one w i t h  T r io d ia  pungens. S i m i l a r l y  s l i g h t  
i n c r e a s e s  o f  l e a d  c o n t e n t  i n  t h e  s o i l  o c c u r  i n  r e l a t i o n  t o  t h e  d i s t r i b u t i o n  
of Sporobo lus a u s tr a la s ic u s  and a r e  r e s p o n s i b l e  f o r  a p o s i t i v e  c o r r e l a t i o n  
wh i l s t  s l i g h t  d e c r e a s e s  i n  r e l a t i o n  t o  t h e  p e r c e n t a g e  c o v e r  o f  B u l b o s ty l i s  
barbata r e s u l t  i n  a n e g a t i v e  c o r r e l a t i o n .
The c o e f f i c i e n t s  f o r  c o r r e l a t i o n s  be t ween  t h e  t r a c e  e l e m e n t  c o n t e n t ,  
measured i n  ppm p e r  oven d r y  w e i g h t ,  o f  s e l e c t e d  s ampl ed  p l a n t  s p e c i e s ,  
op t i ca l  d e n s i t y  m e a s u r e me n t s  i n  t h e  e i g h t  s p e c t r a l  bands  and t h e  t r a c e  
element  c o n t e n t  o f  t h e  s u r f a c e  s o i l  a r e  g i v e n  i n  T a b l e  10.  No c o r r e l a t i o n s  
of p r o mi n e n t  s i g n i f i c a n c e  o c c u r ,  b u t  i t  i s  i n t e r e s t i n g  t h a t  h i g h  p o s i t i v e  
c o r r e l a t i o n s  a r e  r e c o r d e d  be t we en  t h e  c o p p e r  c o n t e n t  o f  E ria ch n e  nrucronata  
and t he  g r e e n  and b l u e  b ands  o f  t h e  t r u e  c o l o u r  f i l m .  P o s i t i v e  c o r r e l a t i o n s  
dominant ly  o c c u r  be t we en  t h e  o p t i c a l  d e n s i t y  me a s u r e me n t s  and t h e  i r o n  
content  o f  t h i s  s p e c i e s  b u t  s i g n i f i c a n t l y  t h e  m a j o r i t y  o f  c o b a l t ,  l e a d  and 
zinc c o r r e l a t i o n s  a r e  n e g a t i v e .  A p o s s i b l e  r e l a t i o n s h i p  may t h e r e f o r e  
G'(1s t  be t ween  t h e  c o p p e r  c o n t e n t  o f  t h i s  i n d i c a t o r  s p e c i e s  and t h e  
r e f l e c t i o n  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  i n  t h e  t r u e  c o l o u r  b a n d s ,  o f  
ihe combined i n d i c a t o r  s p e c i e s  and b a r e  g r o u n d  o v e r  t h e  m i n e r a l i z e d  zo n e .
As t he  c o p p e r  c o n t e n t  o f  t h i s  s p e c i e s  i s  l ow,  p r o b a b l y  due t o  t h e  
o pe r a t i o n  o f  an e x c l u s i o n  mecha n i s m,  a n e g a t i v e  c o r r e l a t i o n  i s  o b t a i n e d  
with l e v e l s  o f  c o p p e r  i n  t h e  s u r f a c e  s o i l .  The b i o g e o c h e m i c a l  anoma l y  i s
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TABLE 10 C o r r e l a t i o n  o f  s p e c t r a l  d a t a  and t h e  t r a c e  e l e m e n t  me t a l
c o n t e n t  o f  s ampl ed  p l a n t  s p e c i e s  and s u p p o r t i n g  s o i l s  a l o n g  
t r a n s e c t  1 .
T r io d ia  pungens  ( p o p u l a t i o n  30)
Fe Co Cu In  Pb
P l a n t
d i s t r i b u t i o n  _igo - . 1 4 9  - . 1 3 7  .025 . 094
(per  s q u a r e
met re)
Fa l se  c o l o u r  _ 253 . 283  - . 2 6 7  - . 0 1 4  - . 1 7 8
green
Fa l se  c o l o u r  _ 213 . 158  - . 0 9 3  - . 0 8 1  - . 1 7 2
blue
Fa l se  c o l o u r  .  . 015  - . 3 1 5  . 174  - . 0 5 8
red
True c o l o u r  - . 3 6 4  5 . 0  . 572  1 . 0  - . 0 3 0  - . 1 8 9  - . 3 7 7  5 . 0
green   .------------- ------ ------
True c o l o u r  _ . 2 3 2  . 583  1 . 0  - J 0 6  - . 0 9 2  - . 1 9 9
bl ue----------------------------------------------------------
True c o l o u r  _ ggl  . 255  - . 1 4 2  . 034  - . 2 9 2
red
Panchr oma t i c  ggg - . 5 3 6  1 . 0  . 328  - . 2 0 5  - . 1 2 2
green-------------------------------------------------- ------
Panchr oma t i c  ggg - . 4 6 9  1 . 0  . 300  . 085  . 293
ye l l o w------------------------------------------------------
Soil  i r o n  - o g g  .321 . 302  - . 1 7 9  - . 2 7 1
c o n t e n t
^content^^*^ - . 0 3 7  . 287  - . 2 0 0  . 122  - . 1 1 4
^ c o n t e n t ’^ ^'^ - . 1 8 9  - . 1 0 5  . 482  W  - . 3 3 2  - . 3 0 7
^ S î i t e n r  -002 - . 1 2 0  . 144  - . 2 5 4  - . 0 1 3
^ c o n t l n t ^  . 245  . 058  - . 2 5 0  . 240  . 172
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Eucalyptus hre v if o l i a  ( p o p u l a t i o n  40)
Fe Co Cu Zn Pb
P l a n t
d i s t r i b u t i o n  - . 071  . 116  . 112 - . 0 5 6  . 339 5 . 0
( p e r  s q u a r e
me t r e )
F a l s e  c o l o u r  
g r e e n
F a l s e  c o l o u r  
bl ue
F a l s e  c o l o u r  
r e d
True c o l o u r  
g r e e n
True c o l o u r  
b l u e
True c o l o u r  
r ed
P a n c h r o m a t i c  
g r e e n
P a n c h r o ma t i c  
y e l l o w
Soi l  i r o n  
c o n t e n t
Soi l  c o b a l t  
c o n t e n t
Soi l  z i n c  
c o n t e n t
Soi l  l e a d  
c o n t e n t
- . 1 1 2  . 069  • - . 0 8 4  .301 . 223
- . 0 7 1  . 15 8  . 013  . 302 . 198
.060 . 0 5 8  - . 1 1 6  . 197 . 256
- . 3 2 9  5J 0  . 066  . 008  . 039 .297
- . 3 2 1  ^  . 049  - . 0 3 9  . 052 .241
- . 0 6 0  - . 0 0 1  - . 2 4 8  - . 0 4 1  . 364 ^
.096 - . 2 2 3  .111 - . 1 7 5  - . 2 6 8
.184  - . 0 7 7  . 095  - . 1 9 8  - . 2 3 9
- . 2 8 7  - . 0 3 2  - . 0 5 8  - . 2 4 2  . 349 5 . 0
- . 1 7 0  - . 0 9 1  - . 2 8 1  - . 1 6 8  .247
^ c o n t e n t ^ ^ ^  - . 0 9 0  . 153  . 162  - . 2 1 3  - . 0 3 1
- . 2 7 2  - . 0 4 2  . 080  . 083 . 306
. 044  - . 2 0 8  - . 5 6 0  1 . 0  . 233  .291
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Eriachne rnucronata ( p o p u l a t i o n  4)
Fe Co Cu Zn Pb
P l a n t
d i s t r i b u t i o n  - . 3 1 1  - . 8 5 3  . 715 - . 7 7 3  .406
( p e r  s q u a r e
m e t r e )
F a l s e  c o l o u r  ggi  - . 4 8 3  ' .841 - . 3 9 6  - . 1 9 8
g r e e n
F a l s e  c o l o u r  _ ggg - . 9 2 6  . 206  - . 9 3 5  - . 0 6 2
b l u e
F a l s e  c o l o u r  345 - . 4 1 5  . 214  - . 4 3 0  - . 7 0 5
r e d
Tr ue  c o l o u r  253 - . 3 6 6  . 993  1 . 0  - . 2 2 8  . 215
g r e e n  -----
True  c o l o u r  , g g4 - . 2 6 6  . 998  1 . 0  - . 1 3 6  . 136
b l u e  ------
True c o l o u r  q 33 - . 2 9 4  . 920  • - . 1 5 9  .55
r e d
P a n c h r o m a t i c  _ #29 - . 0 7 1  - . 6 4 6  - . 1 3 6  .627
g r e e n
P a n c h r o m a t i c  _ ^26 . 216  - . 7 8 1  . 136 . 435
y e l l o w
S o i l  i r o n  - . 7 9 5  - . 4 7 4  - . 7 2 6  - . 5 8 4  . 142
c o n t e n t
S o i l  c o b a l t  %08 . 003  . 008  - . 0 3 3  - . 941
c o n t e n t
S o i l  c o p p e r  _ - . 4 3 0  - . 7 6 4  - . 5 4 8  . 015
c o n t e n t
S o i l  z i n c  _ 145 - . 5 2 1  .879 - . 3 9 8  . 596
c o n t e n t
S o i l  l e a d  759 . 952  . 052 . 9 8 3  ^  - - 3 0 0
c o n t e n t
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Firnhristylis sp. af f ,  F. dichotoma  ( p o p u l a t i o n  10)
Fe Co Cu Zn Pb
P l a n t
d i s t r i b u t i o n  . 103 . 358  . 315 . 175 - . 4 5 7
( p e r  s q u a r e
m e t r e )
F a l s e  c o l o u r  , 4 3 5  . 865  1 . 0  - . 4 9 0  .279 . 206
g r e e n --------------------------------------------------------
F a l s e  c o l o u r  _ 33g . 7I 8 5 . 0  - . 1 9 5  .537 . 122
bl ue--------------------------------------------------- ------
F a l s e  c o l o u r  _ gyg . 736  5 . 0  - . 4 9 8  . 263  . 392
r e d ----------------------------------------------------- ------
True c o l o u r  532 . 03 8  . 344  . 146  - . 0 9 3
g r e e n
True c o l o u r  553 - . 0 1 5  . 394  . 083  - . 1 6 0
bl ue
True c o l o u r  ggy - . 1 2 3  - . 0 8 8  - . 3 7 2  - . 1 1 5
red
P a n c h r o m a t i c  _ - . 3 5 5  . 010  - . 1 6 6  . 188
g r e e n
P a n c h r o m a t i c  248 - . 7 8 2  1 . 0  . 335  - . 3 7 3  - . 1 5 5
y e l l o w  ------
So i l  i r o n  .5 9 3  - . 3 3 8  .511 . 288  - . 1 2 0
c o n t e n t
Soi l  c o b a l t  _ 212 . 022  - . 4 4 8  - . 6 6 3  5 . 0  - . 3 4 3
c o n t e n t -------------------------------------------------------------------------------------------------
Soi l  c o p p e r  3gg - . 4 7 7  .497 .451 . 140
c o n t e n t
Soi l  z i n c  
c o n t e n t
. 534  - . 2 5 9  . 212  - . 0 8 1  . 223
Soi l  l e a d  - . 0 7 2  . 632  5 . 0  - . 3 7 5  - . 5 4 2  - . 3 8 6
c o n t e n t ---------------------------------------------- ------
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s u b s t a n t i a t e d  f o r  T r io d ia  pungens  where  a s t r o n g  p o s i t i v e  c o r r e l a t i o n  
e x i s t s  be t ween  c o p p e r  c o n t e n t  i n  t h e  p l a n t  and s o i l .  O t h e r  s i g n i f i c a n t  
c o r r e l a t i o n s  i n c l u d i n g  t h o s e  o f  E u c a ly p tu s  h r e v i f o l i a  and F i m b r i s t y l i s  sp . 
a f f .  F. d ich o to m a  a r e  i n  g e n e r a l  o f  low s i g n i f i c a n c e  and u n i n f o r m a t i v e .
As c o n c e n t r a t i o n s  o f  me t a l  i n  t h e  s u r f a c e  s o i l s  a r e  n o t  v e r y  h i g h  on t h i s  
t r a n s e c t ,  and t h e  anomal y  i s  n o t  v e r y  w i d e ,  no c o r r e l a t i o n s  o f  v e r y  h i g h  
s i g n i f i c a n c e  a r e  e v i d e n t ,  a l t h o u g h  t h e  c o e f f i c i e n t s  p r e s e n t e d  i n  T a b l e  10 
t e n t a t i v e l y  s u g g e s t  t h a t  a r e l a t i o n s h i p  s i m i l a r  t o  t h a t  be t ween  t h e  l e a d  
c o n t e n t  o f  i n d i c a t o r  s p e c i e s  and s p e c t r a l  r e f l e c t a n c e  c h a r a c t e r i s t i c s  
over  t h e  l o d e  on t r a n s e c t  19 may a l s o  e x i s t  f o r  c o p p e r  o v e r  t h e  m i n e r a l i z e d  




The r e c o g n i t i o n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s  o f  p l a n t  
commu n i t i e s  on f a l s e  co l  ou r  i n f r a - r e d  f i l m  w i t h  r e f e r e n c e  t o  t h e  d e l i n e a t i o n  
o f  b l a c k  s o i l  p l a i n l a n d s ,  g c o l o g i c a l  u n i t s  and s t r u c t u r a l  f e a t u r e s .
No r t h  o f  t h e  Dugald R i v e r  l o d e  a r e a ,  d i f f e r e n t  c o n t r a s t i n g  s p e c t r a l  
s i g n a t u r e s ,  whi ch  p r o d u c e  s t r i k i n g  p a t t e r n s  o f  l o z e n g e - s h a p e d  z o n e s  on t h e  
c o l o u r  i n f r a - r e d  p h o t o g r a p h y ,  were  i d e n t i f i e d  w i t h i n  t h e  s a v a n n a  g r a s s l a n d s  
o f  t h e  b l a c k  s o i l  p l a i n s .  Thes e  new s i g n a t u r e  p a t t e r n s ,  c a u s e d  by 
r e p e t i t i v e  s e q u e n c e s  o f  g r a s s  and h e r b  c o mmu n i t i e s  o c c u p y i n g  d i s c r e t e  z o n e s ,  
were s t u d i e d  w i t h i n  t h e  v i c i n i t y  o f  t h e  L i t t l e  Eva mine whe re  g r ound  
i n v e s t i g a t i o n s  were  u n d e r t a k e n  i n  o r d e r  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  
e x i s t i n g  be t ween  i d e n t i f i e d  s p e c t r a l  s i g n a t u r e s ,  p l a n t  c o mmu n i t i e s  and t h e  
r e l e v a n t  e n v i r o n m e n t a l  f a c t o r s  i n f l u e n c i n g  t h e i r  d i s t r i b u t i o n  on t h e  g r o u n d .
7.1 The L i t t l e  Eva P l a i n l a n d s  a r e a
The m a j o r  d e v e l o p m e n t  o f  t h e  b l a c k  s o i l  p l a i n l a n d s  i s  t o  t h e  s o u t h  
o f  t h e  L i t t l e  Eva mine on a l e v e l  i n t e r f l u v e  whi ch i s  bounded t o  t h e  
s o u t h  and w e s t  by Cabbage T r e e  C r e e k ,  and an a s s o c i a t e d  l e v e e  zone  o f  
sandy s o i l s ,  where  a c t i v e  e r o s i o n  i s  b e i n g  c a r r i e d  o u t  by s t r e a m  c o u r s e s  
and g u l l i e s  t r i r u L a r y  t o  t h i s  m a j o r  d r a i n a g e  c o u r s e  ( F i g .  8 ) .  To t h e  
n o r t h  e a s t ,  t h e  p l a i n l a n d s  t e r m i n a t e  i n  t h e  s a n d y ,  s k e l e t a l  s o i l s  o f  a 
b r o a d ,  s h a l l o w  c r e e k  v a l l e y ,  whi ch  i s  a l s o  t r i b u t a r y  t o  Cabbage T r e e  Creek  
and r e s p o n s i b l e  f o r  p r o m i n e n t  backward  g u l l y  e r o s i o n  i n t o  t h e  g r e y  s o i l s  o f  
heavy t e x t u r e  c h a r a c t e r i s t i c  o f  t h e  p l a i n l a n d .  C o n s e q u e n t l y ,  s h a r p  
c o n t r a s t s  e x i s t  be t ween  t h e  s p e c i e s  c o m p o s i t i o n  o f  t h e  g r ound  v e g e t a t i o n  
in t h e  heavy  g^'ey s o i l  p l a i n l a n d s  and t h e  a d j a c e n t  a r e a s .
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7. 1 . 1  I n t e r p r e t a t i o n  o f  t h e  s p e c t r a l  s i g n a t u r e s  r e c o g n i s e d  on t h e  f a l s e  
c o l o u r  i n f r a - r e d  p h o t o g r a p h y
In o r d e r  t o  c l o s e l y  ex a mi n e  t h e  complex form and d i s t r i b u t i o n  o f  
p l a n t  c o m m u n i t i e s  o c c u r r i n g  on t h e  p l a i n l a n d ,  and t o  over come d i f f i c u l t i e s  
of  c a r t o g r a p h i c  r e p r e s e n t a t i o n , i n t e r p r e t a t i o n  was c a r r i e d  o u t  a t  t h e  
1 : 1 5 , 0 0 0  and 1 : 5 , 0 0 0  s c a l e s  i n  a d d i t i o n  t o  a d e t a i l e d  s t u d y  u s i n g  a f o u r ­
f o l d  p h o t o g r a p h i c  e n l a r g e m e n t  o f  t h e  1 : 5 , 0 0 0  s c a l e  p h o t o g r a p h y .
( i ) I n t e r p r e t a t i o n  o f  t h e  1 : 1 5 , 0 0 0  s c a l e  p h o t o g r a p h y
Only t h e  b a s i c  e l e m e n t s  o f  t h e  c h a r a c t e r i s t i c  s p e c t r a l  s i g n a t u r e  
p a t t e r n s ,  p r o d u c e d  by r e p e t i t i v e  s e q u e n c e s  o f  g r a s s  and h e r b  c o mmu n i t i e s  ' 
which o c c u p y  d i s c r e t e  z o n e s ,  can  be d i s t i n g u i s h e d  on t h e  s i g n a t u r e  map 
(F i g .  105)  o f  t h e  f r ame  c o v e r i n g  t h e  a r e a  a t  t h i s  s c a l e .  C o n s e q u e n t l y ,  
w i t h i n  t h e  p l a i n l a n d  a r e a ,  m a i n l y  combi ned s i g n a t u r e  u n i t s  a r e  r e c o g n i s e d ,  
ex c e p t  f o r  t h e  p r o m i n e n t  b l u e  g r e e n  s i g n a t u r e  o f  t h e  Enneccpogon ccoenaceus^ 
A r i s t id a  o o n to r ta  a s s o c i a t i o n  ( s p e c t r a l  u n i t  39)  which i s  c o i n c i d e n t  w i t h  
m i c r o r e l i e f  d e p r e s s i o n s  i n  t h e  s u r f a c e  c l a y  s o i l .  The d a r k  brown t o  b l a c k  
c l a y  s o i l s  a r e  p o o r  r e f l e c t o r s  o f  i n f r a - r e d  r a d i a t i o n  and a s  t h e  p l a n t  
c ove r  i s  s p a r s e  w i t h i n  t h e  d e p r e s s i o n s ,  t h e  r e s u l t a n t  s i g n a t u r e  i s  
c h a r a c t e r i s t i c a l l y  d a r k  b l u e  g r e e n  (123B) and c l e a r l y  c o n t r a s t e d  a g a i n s t  
t he  b a c k g r o u n d  o f  d e n s e  v e g e t a t i o n  where  h i g h  i n f r a - r e d  r e f l e c t a n c e  
p r oduc es  a r a n g e  o f  r e d  p u r p l e  and v i o l e t  s i g n a t u r e  t o n e s .
Between t h e  s u r f a c e  d e p r e s s i o n s ,  t h e  v i o l e t ,  r e d  p u r p l e  s i g n a t u r e  
of  an a s s o c i a t i o n  o f  B rachyacne c o n v e rg e n s . S id a  a c u ta  w i t h  s u b s i d i a r y  
I s e i le m a  m acratherum  and P t i l o t u s  s p ic a tu s  ( s p e c t r a l  u n i t  4 ] )  i s  common 
in t h e  combi ned  s i g n a t u r e  u n i t s .  Where S p o ro b o lu s  a u s tr a la s ic u s  i s  
c o - d o mi n a n t  i n  t h e  above  a s s o c i a t i o n ,  w i t h  t h e  i n c l u s i o n  o f  C ro ta lc æ ia  
t r i fa l ia s tr u m ^  t h e  s i g n a t u r e  t o n e  i s  d a r k e r ,  w i t h  t h e  ba^e  g r o u n d  component
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c h a n g i n g  f rom t h e  b l u e  g r e e n  o f  124D t o  123C ( s p e c t r a l  u n i t  4 2 ) .  Bare  
ground i s  g e n e r a l l y  more o r e v a l e n t  w i t h i n  t h i s  s i g n a t u r e  u n i t ,  and 
c o n s e q u e n t l y  i t  can  be more r e a d i l y  d i s c r i m i n a t e d ,  b e i n g  c l o s e l y  r e l a t e d  
t o  s p e c t r a l  u n i t  39 i n  i t s  d i s t r i b u t i o n .  Bare  g round i s  a l s o  f r e q u e n t l y  
r e v e a l e d  be t ween  an open g ro u n d  c o v e r  o f  Sporobo lus a u s t r a la s ic u s  and 
D icanth ium  ten u ic u lw n ^  p r o d u c i n g  a c o m p o s i t e  p u r p l e  and d a r k  b l u e  g r e e n  
s i g n a t u r e  ( s p e c t r a l  u n i t  4 4 ) .  B rachyacne convergens  o f t e n  o c c u r s  i n  
dense  c o n s o c i a t i o n s  w i t h  B oerhaao ia  d i f f u s a ^  Enneapogon p o ly p h y l lu s  and 
Cleome v is c o s a  a s  s u b s i d i a r y  s p e c i e s ,  and due t o  i t s  c o n c e n t r a t i o n  o f  
u m b r e l l a  l i k e  s e e d  h e a d s ,  t h i s  low ca nopy  has  a h i gh i n f r a - r e d  r e f l e c t a n c e ,  
p r o d u c i n g  a l i g h t  t o n e d  v i o l e t  b l u e ,  b l u e  g r e e n  s i g n a t u r e  ( s p e c t r a l  u n i t  
4 3 ) .
The a s s o c i a t i o n  d o m i n a t e d  by t h e  M i t c h e l l  g r a s s ,  A s tr e b la  sq u a rro sa  
wi t h  Ocimum sarncturù and I s e i le m a  m acratherw n^  c h a r a c t e r i s t i c  o f  t h e s e  
p l a i n l a n d s ,  p r o d u c e s  a v i o l e t ,  r e d  p u r p l e  s i g n a t u r e  ( s p e c t r a l  u n i t  4 0 ) ,  
which i n  more s p a r s e l y  c o v e r e d  a r e a s ,  may have a b a r e  g r o u n d ,  b l u e  g r e e n  
component  and i s  d i s t i n c t l y  r e c o g n i s a b l e  by i t s  c o a r s e ,  r ough  t e x t u r e  
produced  by t h e  s t a n d s  o f  t a l l  g r a s s  c l u mp s .  At  t h i s  s c a l e ,  d i s c r e t e  
a r e a s  o f  t h e  a s s o c i a t i o n  c a n n o t  be d i s t i n g u i s h e d ,  b u t  t h e  d i s t i n c t  
s i g n a t u r e  can  be r e c o g n i s e d  and r e c o r d e d  i n  combined s p e c t r a l  u n i t s .
The c h a r a c t e r i s t i c  p l a n t  co mmu n i t i e s  o f  t h e  c l a y  p l a i n l a n d  a r e  i n t e r ­
s p e r s e d  on t h e  p e r i p h e r a l ■ a r e a s  by t h e  r e d  p u r p l e  s i g n a t u r e  o f  E ria ch n e  
dorninii ( s p e c t r a l  u n i t  3 ) ,  t h e  v i o l e t  s i g n a t u r e  o f  c o - d o m i n a n t  E ria ch n e  
dorninii and S p o ro b o lu s  a u s t r a la s ic u s  ( s p e c t r a l  u n i t  29)  and t h e  w h i t i s h  
s i g n a t u r e  o f  b a r e  c l a y  s o i l  a r e a s  ( s p e c t r a l  u n i t  1 6 ) .  In c o n t r a s t ,  t h e s e  
s i g n a t u r e s  a r e  r e l a t i v e l y  smooth  and f i n e  i n  t e x t u r e ,  a s  i s  a l s o  e v i d e n t  
f o r  t h e  b l u e  g r e e n  s i g n a t u r e  o f  w i d e l y  s p a c e d  E ria ch n e  rnucronata  and
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Volycarpaea g labra  s p e c i e s  ( s p e c t r a l  u n i t  1) o c c u r r i n g  o v e r  t h e  L i t t l e  
Eva mine dump.
To t h e  w e s t  o f  t h e  t r e e l e s s  p l a i n l a n d ,  t h e  s andy s o i l s  o f  Cabbage 
Tree  Creek  ( s p e c t r a l  u n i t s  20 and 17) and t h e  a d j a c e n t  l e v e e  r e g i o n  form 
a c o n t r a s t i n g  e n v i r o n m e n t  whe re  t h e  b l u e  g r e e n  s i g n a t u r e s  o f  T r io d ia  
pungens a r e  d o mi n a n t  ( s p e c c r a l  u n i t s  8 , 9 ,  10 ,  12 and 1 4 ) .  On t h e  
m a r g i n s  o f  t h e  heavy  c l a y  s o i l s ,  t h e  i n t e r m e d i a t e  s o f t  g r a s s  a s s o c i a t i o n s  
merge i n t o  t r a n s i t i o n a l  z o n e s  whe re  e i t h e r  Enrieapogon p o ly p h y l lu s  i s  
domi nan t  ( s p e c t r a l  u n i t  5)  o r  c o - d o m i n a n t  w i t h  T r io d ia  pungens  ( s p e c t r a l  
u n i t  1 1 ) .  Ar e a s  o f  d r a i n a g e  and g u l l y  e r o s i o n  a l s o  s u p p o r t  some d i s t i n c t  
p l a n t  c o m m u n i t i e s  w i t h i n  t h i s  r e g i o n .  A m a j o r  a r e a  o f  i n c i p i e n t  g u l l y  
e r o s i o n  on t h e  p l a i n l a n d  ma r g i n  i s  c h a r a c t e r i s e d  by a d e n s e  s h r u b  l a y e r  o f  
A cacia  c h is h o lm i i  p r o d u c i n g  a d o m i n a n t l y  v i o l e t  s i g n a t u r e  ( s p e c t r a l  u n i t  
4 5 ) ,  w h i l s t  w i t h i n  t h e  main l e v e e  z o n e ,  f l a t  f l o o r e d  d r a i n a g e  c h a n n e l s  
s u p p o r t  an a s s o c i a t i o n  o f  E u la l ia  fu lv a ^  Themeda a u s t r a l i s  w i t h  s u b s i d i a r y  
Sehima riervosum  and D o th r io c h lo a  e w a r tia n a  whi ch  p r o d u c e s  a r e d  p u r p l e  
s i g n a t u r e  ( s p e c t r a l  u n i t  4 5 ) .  Bl ue  s i g n a t u r e s ,  o c c a s i o n a l l y  o c c u r r i n g  
w i t h i n  t h i s  s p e c t r a l  u n i t ,  a r e  i n d i c a t i v e  o f  w a t e r l o g g e d  c l a y  s o i l s .  
Commonly,  t h i s  a s s o c i a t i o n  i s  f o u n d  w i t h  S p orobo lu s  a u .s tr a la s ic u s  on 
s a n d i e r ,  l i g h t e r  c o l o u r e d  s o i l s  where  t h e  v i o l e t  (87D) s i g n a t u r e  t o n e  
becomes d o m i n a n t .
The t h i n  c a l c a r e o u s  s o i l s  i n  t h e  n o r t h  e a s t e r n  a r e a  s i m i l a r l y  form 
a c o n t r a s t i n g  e n v i r o n m e n t  t o  t h e  c l a y  p l a i n l a n d  and a r e  c h a r a c t e r i s e d  by 
the  b l u e  g r e e n  s i g n a t u r e  o f  T r io d ia  pungens  ( s p e c t r a l  u n i t  12)  and t h e  
w h i t i s h  b l u e  s i g n a t u r e  o f  b a r e  g ro u n d  a s s o c i a t e d  w i t h  e xpos e d  s u r f a c e  
c a l c r e t e  ( s p e c t r a l  u n i t  1 5 ) .  F l u v i a l  e r o s i o n ,  a l o n g  t h e  w e s t e r n  c r e e k  
s l o p e ,  i s  p r o b a b l y  r e s p o n s i b l e  f o r  s t r i p p i n g  away t h e  c l a y  s o i l  o f  t h e  
p l a i n l a n d ,  e x p o s i n g  t h e  c a l c r e t e ,  whi ch  a p p e a r s  t o  be c o n t e m p o r a n e o u s
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wi t h  t h e  c a l c r e t e  l a y e r  f ound  a t  t h e  b a s e  o f  t h e  heavy  g r e y  c l a y  s o i l  
p r o f i l e .  Such a r e a s  o f  c a l c r e t e ,  w i t h i n  t h e  n o r t h  e a s t e r n  a r e a ,  s u p p o r t  
a c h a r a c t e r i s t i c  g r ound  c o v e r  o f  P t i l o t u s  c le m e n t i i^  whi ch o n l y  becomes 
domi nant  w e l l  i n t o  t h e  d r y  s e a s o n .  The c a l c a r e o u s  a r e a s  c o n s e q u e n t l y  
would be d o m i n a n t l y  d e v o i d  o f  v e g e t a t i o n  a t  t h e  t i m e  t h e  i ma g e r y  was 
f lown (mapped a s  s p e c t r a l  u n i t  16 i n  b o t h  t h e  n o r t h  e a s t  and s o u t h  w e s t  
f rame a r e a s )  b u t  i n  t h e  mapped combined s p e c t r a l  u n i t s ,  t h e  s i g n a t u r e  
48 ( n o t  i n c l u d e d  i n  T a b l e  4)  has  been  i n c l u d e d  i n  o r d e r  t o  i l l u s t r a t e  
t h a t  mos t  o f  t h e  b a r e  g r o u n d  would i n  f a c t  l a t e r  s u p p o r t  a d o mi n a n t  
communi ty o f  P t i l o t u s  c le m e n t i i ,
( i i )  I n t e r p r e t a t i o n  o f  t h e  1 : 5 , 0 0 0  s c a l e  p h o t o g r a p h y
The 1 : 5 , 0 0 0  s c a l e  p h o t o g r a p h y  e n a b l e s  i n d i v i d u a l  s p e c i e s  and v e g e t a t i o n  
a s s o c i a t i o n s  t o  be r e p r e s e n t e d  w i t h i n  a more d e t a i l e d  i n t e r p r e t a t i o n  o f  
the  d i s t r i b u t i o n  o f  p l a n t  c o m m u n i t i e s ,  a l t h o u g h  f o r  a g r e a t l y  r e d u c e d  
ground a r e a  ( F i g .  1 0 8 ) .  S p e c t r a l  s i g n a t u r e s  i n t e r p r e t e d  a t  t h e  1 : 5 , 0 0 0  
s c a l e ,  f o r  two s u c c e s s i v e  f r a me  a r e a s ,  r e v e a l  t h e  i n d e p e n d e n c e  o f  f o r m e r  
combined s i g n a t u r e s  and c o n s e q u e n t l y  a more complex p a t t e r n  o f  r e c o g n i s e d  
u n i t s ,  w h e r e ,  a l t h o u g h  t h e  b a s i c  s t r u c t u r e  i s  r e l a t i v e l y  u n c h a n g e d ,  a 
f a r  w i d e r  r a n g e  o f  t o n a l  s i g n a t u r e  v a r i a t i o n s  i s  p r e s e n t  ( F i g .  1 0 6 ) .  T h i s  
i s  e s p e c i a l l y  t r u e  o f  S p o ro b o lu s  a u s t r a la s ic u s  whi ch i s  p r e v a l e n t  t h r o u g h ­
out  t h e  p l a i n l a n d  and m a r g i n a l  a r e a s .
The v i o l e t  (870)  s i g n a t u r e  ( s p e c t r a l  u n i t  2)  o c c u r s  on more s andy  
p e r i p h e r a l  a r e a s ,  whe re  t h e  s p e c i e s ,  o f t e n  i n t e r s p e r s e d  with,  b a r e  g round  
and o t h e r  d o m i n a n t l y  s o f t  g r a s s e s ,  f o r ms  a c l o s e  g round  c o v e r ,  and t o  a 
l e s s e r  e x t e n t  a s  an i n n e r  zo n e  e n c i r c l i n g  t h e  m i c r o r e l i e f  d e p r e s s i o n s  and 
bl ue  g r e e n  s i g n a t u r e  o f  t h e  Enneapogon aoenaccus  a s s o c i a t i o n  ( s p e c t r a l  
u n i t  3 9 ) .  In s p e c i f i c  a r e a s  o f  d a r k  g r e y ,  heavy  c l a y  s o i l ,  a d i s t i n c t  
p u r p l e  (79B) s i g n a t u r e  i s  p r o d u c e d  by a d e n s e  c o n s o c i a t i o n  o f  S p o ro b o lu s
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a u s tr a la s ic u s  ( s p e c t r a l  u n i t  2k) where  i n d i v i d u a l  s p e c i e s  may grow t o  a 
h e i g h t  o f  40cm.  Where t i i i s  c o n s o c i a t i o n  i s  i n t e r s p e r s e d  w i t h  a 
s i g n i f i c a n t  p r o p o r t i o n  o f  b a r e ,  d a r k  g r e y  s o i l  a r e a ,  whi ch may s u p p o r t  a 
s p a r s e  g r owt h  o f  Cleome v is c o s a ,  a d a r k e r  t o n e d  v i o l e t - b l u e  (890)  
s i g n a t u r e  o c c u r s  ( s p e c t r a l  u n i t  2B) .  C o n s e q u e n t l y ,  t h e  v a r i a t i o n  i n  
s p e c t r a l  s i g n a t u r e  o f  t h i s  s p e c i e s  can p r o b a b l y  be r e l a t e d  t o  a c o r r e s p o n d ­
i ng  ch a n g e  i n  m o i s t u r e  r e g i me  and s o i l  c o n d i t i o n s .
F i g .  106 r e v e a l s  t h e  v i o l e t ,  r e d  p u r p l e ,  b l u e  g r e e n  s i g n a t u r e  o f  
t h e  t a l l  M i t c h e l l  g r a s s  communi ty ,  d o mi n a t e d  by A s tr e b la  s q u a rro sa  and 
Ocimum sw'ictum  ( s p e c t r a l  u n i t  4 0 ) ,  whi ch forms  a d i s t i n c t  band  a r o u n d  each  
l o z e n g e  s h a p e d  d e p r e s s i o n .  The we l l  fo r med  g r a s s  t u s s o c k s ,  wh i ch  p r o d u c e  
t h e  c o a r s e ,  r ough  t e x t u r e  and t o n a l  v a r i a t i o n s  due t o  d i f f e r e n c e s  i n  
d e n s i t y ,  a l s o  o c c u r  o v e r  w i d e r  a r e a s ,  e s p e c i a l l y  i n  t h e  n o r t h  w e s t e r n  
m a r g i n s ,  o v e r  i s o l a t e d  p a t c h e s  o f  d a r k ,  heavy c l a y  s o i l s  whi ch  c o n t r a s t  
wi t h  t h e  l i g h t e r  s u r r o u n d i n g  s o i l s  d o mi n a t e d  by t h e  d wa r f  f o r m o f  
Sporobo lu s a u s tr a la s ia u s .  Between t h e  d e p r e s s i o n s ,  r e p e t i t i v e  s e q u e n c e s  
o f  a s s o c i a t i o n s  d o mi n a t e d  by Brachyacne convergens  pr o d u c e  v i o l e t  b l u e ,  
b l ue  g r e e n  and v i o l e t - r e d .  p u r p l e - b l u e  s i g n a t u r e s  ( s p e c t r a l  u n i t s  4 3 ,
41 and 4 2 ) ,  a l l  c h a r a c t e r i s e d  by a c o a r s e  t e x t u r e ,  a s  t h e  c o n s t i t u e n t  
g r a s s e s  i n  t h e  d e n s e  v e g e t a t i o n  grow u n e v e n l y  i n  v a r i e d  s t a n d s ,  c r e a t i n g  
an uneven  mo s a i c  p a t t e r n  when o b s e r v e d  f rom t h e  a i r .
Domi nant  a r e a s  o f  b a r e  g r o u n d ,  w i t h i n  t h e  p l a i n l a n d  e n v i r o n m e n t ,  
f r e q u e n t l y  s u p p o r t  a s p a r s e  g ro u n d  c o v e r  o f  D icœ ^thium  te n u ic u lu m  and a 
few s c a t t e r e d  p a t c h e s  o f  S p o ro b o lu s  a u s t r a la s ic u s  w h i c h ,  i n  c o m b i n a t i o n  
wi t h  t h e  g r e y  s o i l  b a c k g r o u n d ,  p r o d u c e  a p u r p l e ,  b l u e  g r e e n  s i g n a t u r e  
( s p e c t r a l  u n i t  4 4 ) .  These  s m a l l ,  e l o n g a t e d  a r e a s  o c c u r r i n g  on t h e  
p l a i n l a n d  p e r i p h e r y  may r e p r e s e n t  f o r m e r  a r e a s  o f  t h e  c h a r a c t e r i s t i c
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Enneccpogon ccoenaceus a s s o c i a t i o n  whi ch  changed  due t o  t h e  d e s t r u c t i o n  o f  
t h e  c l a y  s o i l  p r o f i l e  and \.he o n s e t  o f  more s an d y  c o n d i t i o n s  i n d u c e d  by 
e r o s i o n .  In t h e  s o u t h e r n  p l a i n l a n d  a r e a  s m a l l ,  o f t e n  w a t e r l o g g e d  
d e p r e s s i o n s  c o u l d  be d e t e c t e d  a t  t h i s  s c a l e  by t h e  d i s t i n c t  d a r k  b l u e  
g r e e n  s i g n a t u r e  o f  t h e  S p o ro b o lu s  a c t in o c la d u s , C h lo r is  p e c t in a ta ,
I s e i le m a  m acratherum  a s s o c i a t i o n  ( s p e c t r a l  u n i t  27) and b a c k g r o u n d  
m o i s t  b l a c k  c l a y  s o i l s .
Combined s i g n a t u r e s  a t  t h i s  s c a l e  a r e  r a r e  w i t h i n  t h e  p l a i n l a n d s ,  
e x c e p t  f o r  t h e  e q u i v a l e n t  b a r e  g r o u n d  s p e c t r a l  u n i t  4 4 ,  and m a i n l y  c o n f i n e d  
t o  p e r i p h e r a l  a r e a s ,  whe re  t h e  r e d  p u r p l e  o r  v i o l e t  s i g n a t u r e s  o f  such  s o f t  
g r a s s  s p e c i e s  a s  S p o ro b o lu s  a u s t r a la s ic u s ,  a r e  combined w i t h  t h e  b l u e  
g r e e n  s i g n a t u r e s  o f  b a r e  g ro u n d  o r  T r io d ia  pungens. In c e r t a i n  a r e a s  t h e  
i mproved  g r o u n d  r e s o l u t i o n  and g r e a t e r  d e t a i l  o f  t h e  1 : 5 , 0 0 0  i mag e r y  has  
r e s u l t e d  i n  a more a c c u r a t e  i n t e r p r e t a t i o n  o f  t h e  g round  v e g e t a t i o n  c o v e r  
and c o n s e q u e n t  d i f f e r e n c e s  o c c u r  i n  r e l a t i o n  t o  i n t e r p r e t a t i o n  a t  t h e  
1 : 1 5 , 0 0 0  s c a l e .  In t h e  s o u t h  w e s t  l e v e e  z o n e ,  s p e c t r a l  u n i t  11 becomes 
combined w i t h  2 a s  t h e  S p o ro b o lu s  a u s tr a la s ic u s  component  i s  r e c o g n i s e d ,  
and s i m i l a r l y  t h e  l a r g e  a r e a  o f  s p e c t r a l  u n i t  2 9 ,  i n t e r p r e t e d  a t  t h e  
1 : 1 5 , 0 0 0  s c a l e ,  i s  now i n t e r p r e t e d  a s  b e i n g  d o m i n a n t l y  t h e  v i o l e t  
s i g n a t u r e  o f  s p e c t r a l  u n i t  2 ,  The g r e a t e r  d e t a i l  o f  t h e  1 : 5 , 0 0 0  s c a l e  
a l s o  e n a b l e s  an i mproved d i s c r i m i n a t i o n  o f  t h e  r e l a t i v e  d e n s i t i e s  and 
r e l a t e d  b l u e  g r e e n  s i g n a t u r e s  o f  T r io d ia  pungens  s p e c t r a l  u n i t s .  However ,  
even a t  t h i s  l a r g e  s c a l e ,  a c l e a r  d i s t i n c t i o n  e x i s t s  be t ween  t h e  r e l a t i v e l y  
s i m p l e ,  b l u e  g r e e n  T r io d ia  pungens  s i g n a t u r e s  o f  t h e  s an d y  l e v e e  a r e a  and 
t h e  compl ex  r e d ,  p u r p l e  and v i o l e t  s i g n a t u r e s  o f  t h e  h i gh  i n f r a - r e d  r e f l e c t i n g ,  
p a t t e r n e d  g r a s s l a n d  c o mmu n i t i e s  o f  t h e  c l a y  p l a i n l a n d  s o i l s .
( i l l )  I n t e r p r e t a t i o n  o f  a f o u r f o l d  e n l a r g e m e n t  o f  t h e  1 : 5 , 0 0 0  s c a l e  
p h o t o g r a p h y
A c l o s e r  e x a m i n a t i o n  o f  s u r f a c e  m i c r o r e l i e f  and r e l a t e d  v e g e t a t i o n  
p a t t e r n s ,  c a u s e d  by r e p e t i t i v e  s e q u e n c e s  o f  g r a s s  and h e r b  c o m m u n i t i e s  
whi ch o c c u p y  d i s c r e t e  z o n e s ,  was u n d e r t a k e n  by t h e  i n t e i p r e t a t i o n  o f  a 
r e p r e s e n t a t i v e  a r e a  p h o t o g r a p h i c a l l y  e n l a r g e d  f o u r  t i m e s  f rom t h e  o r i g i n a l  
1 : 5 , 0 0 0  i ma g e r y .  The v e r y  sma l l  a r e a  c o v e r e d  i n  r e l a t i o n  t o  t h a t  o f  t h e  
1 : 1 5 , 0 0 0  and 1 : 5 , 0 0 0  s c a l e s  i s  shown i n  F i g .  108.
The s i m p l i f i e d  d e t a i l  o f  t h e  i n f r a - r e d  s i g n a t u r e s ,  i n t e r p r e t e d  f rom 
t h e  e n l a r g e m e n t ,  i s  g i v e n  i n  F i g .  107 and r e v e a l s  t h a t  t h e  Enneapogo?t 
cwenaoeus  a s s o c i a t i o n  ( s p e c t r a l  u n i t  3 9 ) ,  o c c u r r i n g  i n  t h e  c e n t r e  o f  t h e  
l o z e n g e  s h a p e d  d e p r e s s i o n s ,  may a l s o  i n c l u d e  s mal l  a r e a s  o f  S p o ro b o lu s  
a u s tr a la s ic u s  ( s p e c t r a l  u n i t  2)  where  t h e  s u r f a c e  f i n e s  a r e  more s an d y .
The m a r g i n s  o f  t h e  d e p r e s s i o n s  a r e  c h a r a c t e r i s e d  by t h e  p u r o l e  s i g n a t u r e  
o f  a d e n s e  c o n s o c i a t i o n  o f  Sp o ro b o lu s  a u s tr a la s ic u s  ( s p e c t r a l  u n i t  2A) ,  
g i v i n g  way o u t w a r d s  t o  a band o f  Ocimum sanctum  and t h e  t a l l  M i t c h e l l  
g r a s s  communi ty  d o mi n a t e d  by A s tr e b la  sq u a e vo sa , whi ch  t o g e t h e r  p r o d u c e  
t h e  v e r y  c o a r s e  t e x t u r e d  v i o l e t ,  r e d  p u r p l e ,  b l u e  g r e e n  s i g n a t u r e  o f  
s p e c t r a l  u n i t  40 .  These  s u c c e s s i v e  p l a n t  c o mmu n i t i e s  a r e  d i v i d e d  by 
i n t e r m e d i a t e  a r e a s  where  co mp l e x ,  o f t e n  i n t e r r e l a t e d  a s s o c i a t i o n s  
d o m i n a t e d  by Brachyacne co? ivergens, w i t h  many s u b s i d i a r y  s p e c i e s  amongs t  
whi ch  S id a  a c u ta , I s e i le m a  m acratherum , P t i l o t u s  s p ic a tu s ,  S p o ro b o lu s  
a u s tr a la s ic u s  and C r o ta la id a  t r i f o l i a s t n o n  a r e  f r e q u e n t l y  p r o m i n e n t ,  
p r o d u c e  v i o l e t  b l u e ,  b l u e  g r e e n  and v i o l e t  r e d ,  p u r p l e - b l u e  s i g n a t u r e s  
( s p e c t r a l  u n i t s  4 3 ,  41 and 4 2 ) .  T h i s  s u c c e s s i o n  o f  p l a n t  c o m m u n i t i e s ,  
w i t h  t h e i r  c h a r a c t e r i s t i c  s i g n a t u r e  t o n e s  and t e x i u r e s ,  whi ch a r e  r e l a t e d  
t o  t h e  s u r f a c e  m i c r o r e l i e f ,  i s  r e p e a t e d  f r e q u e n t l y  w i t h i n  t h e  p l a i n l a n d
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Sandy arid red earth soils dominated \ 









PLATE 1 4 .  The grassland coowunities o f  the L i t t l e  Eva Pl a i n l ands  area,  
dominated by kazTétX a equarroea, Braahyacne oonvergene and 
Sporobolus (xu s tra la sia tia i as seen from the ground and on the 
f a l s e  colour in fra -red  imagery.
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PLATE 1 4 .  The g ra s s lan d  communities o f  the L i t t l e  Eva P la in lan d s  a r e a ,  
dominated by A s tr e b la  sq u a rro sa , Brachyacne co nvergens  and 
S p o ro b o lu s  a u s t r a la s ic u s ,  as seen from the  ground and on the 






area (Fig.  107,  P l a t e  14) and gives  r i s e  t o  the d i s t i n c t  p a t t e r n s  a l so  
v i s i b l e  a t  the  sma l l e r  s ca l e s  (Figs .  105 and 105),
I n t e r s p e r s e d  wi th i n  t h i s  d i s t i n c t i v e  p a t t e r n  are  tne  pu r p l e ,  blue 
green s i g n a t u r e s  of  bare ground wi th a sparse  cover of  dioanthiwn ' 
tenui<yulum and Sporobolus au stva lasicu s  ( s p e c t r a l  u n i t  44) and the  v i o l e t  
blue s i g n a t u r e  of  a r ea s  where t he  Spovoholus au stra lasicu s  c o n s oc i a t i o n  
th i ns  out  to  inc lude  small  developments  of  bare ground ( s p e c t r a l  u n i t  2B). 
Combined s i g n a t u r e s  are  recorded where,  even wi th enl argement ,  i t  i s  
imposs ible  t o  d i s t i n g u i s h  d i s c r e t e  u n i t s .  Frequent l y ,  where t he  Mi tchel l  
grass  community occurs  i n t e r s p e r s e d  wi th o t he r  a s s o c i a t i o n s  over  l a r g e r  
a r ea s ,  i t  can only be d e t ec t e d  by i t s  c h a r a c t e r i s t i c  t e x t u r e ,  as s u b t l e  
v a r i a t i o n s  in s i g na t u r e  tones  a re  f r e q u e n t l y  d i f f i c u l t  to  d i s t i n g u i s h  
where a g r e a t  range of  s i m i l a r  co l our s  occur  in r e l a t i v e l y  small a r ea s .
I n t e r p r e t a t i o n  of  the en l a rged  photography enables  g r e a t e r  d i s c r i m i n a t i o n  
of i nd i v i d u a l  s pe c t r a l  u n i t s  which can be more e a s i l y  r e p r e s e n t ed .
Consequent ly t he  r e c o g n i t i o n  and d i s t r i b u t i o n  oT spec t r a l  u n i t s  in c e r t a i n  
areas  i s  d i f f e r e n t  to  t h a t  a t  t he  1 :5,000 s ca l e .  In the nor th  e a s t  o f  
Fig.  107,  t he  v i o l e t ,  red p u r p l e ,  blue green s i gna t u r e  of  Braoliyacne 
conoevgens  with Sporobolus oustralas'icus  ( s pe c t r a l  u n i t  42) i s  r ecogni sed 
in p r e f e r e nc e  to the  p r e v i ous l y  i n t e r p r e t e d  v i o l e t  b lue ,  blue green 
s i gna t u r e  o f  dominant Brachyacne convergens  ( s pec t r a l  u n i t  43) .  S i m i l a r l y ,  
enlargement  of  the photography r e s u l t e d  in a p r ev i ous l y  i n t e r p r e t e d  a rea  of  
spec t r a l  u n i t  42,  being r ecogni sed  as the dominant ly pu r p l e ,  blue green 
s i gna t u r e  of  bare ground ( s p e c t r a l  u n i t  44) .  Such examples of  i n t e r p r e -  
t a t i o n a l  changes however,  must be viewed in r e l a t i o n  to  the  complexi ty of  
the v e g e t a t i on  a s s o c i a t i o n s  and p l a n t  communit ies occur r i ng  wi th i n  t h i s  
a r ea ,  as  o f t en  s ub t l e  changes in spec i e s  composi t ion,  e s p e c i a l l y  in the  
Brachyacne convergens  dominated communit ies ,  are  d i f f i c u l t  to  d e t e c t  on
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the ground,  not  alone from p h o t o i n t e r p r e t a t i o n  s t u d i e s .  Texture  i s  a l s o  
a f f e c t e d  by photographic  en l a rgement ,  as the  imagery becomes more g r a iny  
with s i g n i f i c a n t  ma gn i f i ca t i on .  However, d e s p i t e  such d i f f i c u l t i e s ,  the 
s p e c t r a l  s i g n a t u r e s  i n t e r p r e t e d  on the  enl arged photography provide  acc ura t e  
d e t a i l  o f  the  p l a n t  communit ies compris ing the c h a r a c t e r i s t i c  v e g e t a t i on  
p a t t e r n s  ( P l a t e  14) ,  t h a t  a r e  r e l a t e d  to sur f ace  m i c r o r e l i e f  and 
i n d i c a t i v e  of  t he  c l ay  so i l  p l a i n l a n d s  on the  smal l er  s ca l e  photography.
7 . 1 . 2  Evalua t ion of  s c a l e  in t he  i d e n t i f i c a t i o n  of  vege t a t i on  s i g na t u r e s  
in t he  L i t t l e  Eva P l a i n l ands
Resolu t ion  in i t s e l f  i s  not  a v a l i d  measure of  t he  q u a l i t y  or  useful  
informat ion con t en t  of  imagery,  f o r  a t  the minimum, o t h e r  c h a r a c t e r i s t i c s  
such as d e t e c t a b i l i t y  and r e c o g n i s a b i l i t y  may be of  impor tance.  The 
concept  o f  r e s o l u t i o n  in o p t i c a l  systems involves  the a b i l i t y  to 
d i s t i n g u i s h  between two c l o s e l y  spaced o b j e c t s ,  or  more s p e c i f i c a l l y ,  the 
minimum s e p a r a t i o n  between two o b j e c t s  f o r  which the images appear  
d i s t i n c t  and s e p a r a t e .  However,  i t  i s  i n c o r r e c t  to  equate r e s o l u t i o n  to 
the s i z e  of  t he  s ma l l e s t  o b j e c t  t h a t  can be seen,  f o r  a s ignal  can o f t en  
be d e t e c t e d ,  ever, though i t  i s  sma l l e r  than the  r e s o l u t i o n  o f  the system.  
Hence ' d e t e c t a b i l i t y '  i s  t he  a b i l i t y  o f  a system to d e t e c t  the  presence or  
absence of  a s ignal  and ' r e c o g n i s a b i l i t y '  the  a b i l i t y  to  r ecogni se  or  
i d e n t i f y  a s i gna l  (Rosenberg 1971).  Object s  such as a narrow road or  
b r i gh t  l i g h t  a re  t y p i c a l  f e a t u r e s  which can be below the  r e s o l u t i o n  l i m i t ,  
ye t  d e t e c t a b l e  on s u i t a b l e  imagery.  S imi l a r l y  ob j e c t s  can o f t en  be 
d e t ec t e d ,  r e s o lved  and y e t  a r e  not  r ecogn i s a b l e .
At t he  1 :15,000 s c a l e ,  t he  s i g na t u r e  o f  i ndi v idua l  c l ay  d e p r es s i o n s ,  







































d e t e c t a b l e ,  a l though t he  v e g e t a t i on  banding cannot  be d i s t i n g u i s h e d .  In 
the i n t e r ve n i n g  a r e a s ,  t onal  s i gna t u r e  elements  c h a r a c t e r i s t i c  o f  c e r t a i n  
vege t a t i on  a s s o c i a t i o n s ,  can be d e t ec t e d  and recogni sed in combined 
spec t r a l  u n i t s ,  a l t hough not  r eso lved  and mapped as d i s c r e t e  e n t i t i e s .  
Individual  v eg e t a t i on  communit ies ,  compri s ing the  depres s ions  and 
i n t e rvening  a r e a s ,  can. be de t ec t e d  and r ecogni sed a t  the  1:5 ,000 s c a l e  
with i nd i v i dua l  zones as  small as 2m in width being r e s o l ved .  Combined 
s i gna t u r e s  a r e  only used where complexi ty ,  or  the s i m i l a r i t y  in form 
and response  between p l a n t  s pe c i e s ,  makes complete d i s c r i m i n a t i o n  
impossible or  where bare  ground components cannot  be s u c c e s s f u l l y  d i s t i n g ­
uished from v e g e t a t i on  s i g n a t u r e s .  Although r e s o l u t i o n  i s  the  same, 
de t ec t i on  and r ec o g n i t i o n  c h a r a c t e r i s t i c s  a re  improved by enlargement ,  
and the  g r e a t e r  mapping s ca l e  f a c i l i t a t e s  accuracy in l oc a t i n g  s i g n a t u r e  
boundar ies ,  as well  as t he  r e p r e s e n t a t i o n  of  very small s pe c t r a l  u n i t s .
Every i n c re a s e  in s c a l e ,  however,  r e s u l t s  in a decrease  in the a rea  
covered wi t h i n  one frame (Fig.  108) ,  and consequent ly  t he  1:15,000 s ca l e  
is  most s u i t a b l e  f o r  r eg iona l  environmental  s t u d i e s  where d i s t i n c t  
s i gna t u r e s  and p h o t o p a t t e r ns  can be r e l a t e d  to  ground s u r f ace  u n i t s  and 
c ond i t i ons .  Within t h i s  a r e a ,  t he  f u l l  e x t en t  o f  the  c l ay  p l a i n l a n d  can 
be r ecogni sed  by i t s  c h a r a c t e r i s t i c  p a t t e r n  c f  vege t a t i on  s i g n a t u r e s  and 
d i s t i ngu i s he d  from o t h e r  envi ronmental  u n i t s .  The 1:5,000 s c a l e  i s  of  
value when used in a s s o c i a t i o n  wi th the  1:15^000 photography in 
examining p a r t i c u l a r  d e t a i l  or  s p e c i f i c  informat ion wi th i n  a r e l a t i v e l y  
small a r ea .  In t h i s  a r e a ,  i t  provided va l uab le  informat ion on i nd i v idua l  
grass a s s o c i a t i o n s  occur r i ng  wi th i n  the  m i c r o r e l i e f  a r eas  of  the c l ay  
p l a i n l ands .  Larger  s ca l e s  or  enl argement ,  as such a small a rea  i s  
covered,  a r e  only of  use in the  s tudy of  s p e c i f i c  d e t a i l  of  an i nd i v idua l  
area,  where i n format ion  i s  r equ i r e d  on a p a r t i c u l a r  phenomenon or  very 
small s ca l e  r e l a t i o n s h i p ,  as f o r  example,  the r e l a t i o n s h i p  between s u r f ace
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m i c r o r e l i e f , s o i l  and a s s o c i a t e d  p l a n t  communit ies wi th i n  the p l a i n l a n d  
area.  However,  whatever  the s c a l e ,  a cc u r a t e  ground t r u t h  informat ion  
is  e s s e n t i a l  f o r  success fu l  r e c o g n i t i o n  and i n t e r p r e t a t i o n  of  co l our  
i n f r a - r e d  s i g n a t u r e s .
7 .1 .3  I n t e r p r e t a t i o n  of  t he  d i s t r i b u t i o n  of  s pec t r a l  ? i gna t u r e s  and 
v e g e t a t i on  u n i t s  in r e l a t i o n  t o  envi ronmental  parameters
In o r de r  to  examine the  d i s t r i b u t i o n  of  s p e c t r a l  s i g n a t u r e s ,  produced 
by the  p l a n t  communit ies on i n f r a - r e d  co lour  imagery,  in r e l a t i o n  to  
sur face  m i c r o r e l i e f ,  so i l  c o n d i t i o n s  and geochemis t ry,  spec i es  f requency 
record ing  and s o i l  and p l a n t  sampling were undertaken along a t r a n s e c t ,  
o r i e n t a t e d  nor th  e a s t  to  south wes t ,  ac ros s  the p l a in l and  (Fig.  108).
The c l o s e  r e l a t i o n s h i p  e x i s t i n g  between the  s pe c t r a l  s i gna t u r e  
uni t s  and the  p l a n t  a s s o c i a t i o n s  i s  confi rmed by the f requency d i s t r i b u t i o n  
of s pe c i e s  recorded  along t r a n s e c t  3 which r evea l s  tlie complexi ty and 
r e p e t i t i v e  na t u r e  of  the  p l a n t  cover  c o n t r i b u t i n g  to  the i n f r a - r e d  
s i gna t u r e s  (Fig.  109).  Con t r a s t i ng  v i o l e t ,  purp l e ,  red pu r p l e ,  v i o l e t  
blue and blue green s i g n a t u r e s ,  produced by the r e p e t i t i v e  sequences of  
grass  and herb spec i e s  where Sporobolus australasicus^ Brachyacne convergens, 
A strehla squarrosa  and Enneapogon aoenaceus  are prominent  wi th in  the 
ind iv idual  communit ies (Fig.  109) which occupy d i s c r e t e  zones c h a r a c t e r i s e d  
by p a r t i c u l a r  so i l  moi s ture  c o n d i t i o n s ,  form a unique pho topa t t e rn  which 
is  c l e a r l y  i n d i c a t i v e  of  the  black s o i l  p l a i n s  a t  both the 1:15,000 and 
1:5,000 s ca l e s  ( P l a t e  14).
In a d d i t i o n  to  the A streh la  squarrosa, Iseile-na nacratherum,
Brachyacne convergens  t r e e l e s s  a s s o c i a t i o n ,  c h a r a c t e r i s t i c  of  the  
p l a i n l a n d ,  the  blue  green s i g na t u r e s  produced by an a s s o c i a t i o n  of  
Eucalyptus œ rg illacea , E. term iyia lis. Acacia chisholrnii, T riodia  pungens
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are i n d i c a t i v e  of  the sur rounding a r ea s  of  sandy,  ca l ca r eous  s o i l s  
occur r ing on c a l c - s i l i c a t e  rocks which un d e r l i e  the whole of  t h i s  r eg ion .
On t r a n s e c t  3,  a c l e a r  r e l a t i o n s h i p  i s  ev i den t  between the  d i s t r i b u t i o n  
of i n f r a - r e d  s i g n a t u r e s ,  p l a n t  s p e c i e s ,  so i l  pH and sur face  m i c r o r e l i e f .  
Although the heavy c l ay  s o i l s  a re  bas ic  throughout ,  a f a i r l y  uniform 
pa t t e rn  o f  v a r i a t i o n  i s  r e ve a l e d ,  wi th the h i ghe s t  values  occur r i ng  in 
the depres s i ons  (8 .0  and above) and s l i g h t l y  more a c i d i c  va lues  (below 8 . 0 ) 
in the i n t e r ve n i n g  a r e a s .  The probable cause of  the s u r f ace  m i c r o r e l i e f  
and r e l a t e d  v a r i a t i o n  in pH value  i s  t he  seasonal  wet t i ng  and drying of  
these s o i l s  which r e s u l t s  in seasonal  expansion and c o n t r a c t i o n  o f  the  
sur face hor i zons .  A f t e r  the wet season,  the  vege t a t i on  p a t t e r n s  are  
most prominent ,  as the  r e p e t i t i v e  sequences o f  gras s  and herb communit ies,  
which occupy d i s c r e t e  zones ,  a re  c h a r a c t e r i s t i c  of  p a r t i c u l a r  so i l  moi s ture  
condi t ions  a s s o c i a t e d  wi th the  l eng t h  o f  t ime water  l i e s  a f t e r  r a i n s .  
Consequent ly,  the  ove r a l l  d i s t r i b u t i o n  p a t t e r n  o f  s pe c t r a l  s i g na t u r e  
u n i t s ,  produced by the  p l a n t  communit ies ,  are  i n d i c a t i v e  of  subsur face  
drainage c o n d i t i o ns .
Trees  a re  a bsen t  from the  p l a i n l a n d s ,  the  s c a t t e r e d  Atalaya  
hemiglccuca s p e c i e s ,  recorded on Fig.  109,  almost  e n t i r e l y  c o n s i s t i n g  of  
small s e e d l i n g s .  Mature Eucalyptus orgi-llacea, E. terrninalis  and Atalaya  
hemiglauca t r e e s ,  t o g e t h e r  wi th t he  shrub l a ye r  of  Corissa lanceola ta , 
Acacia and Eremophila  s p e c i e s ,  only occur  on the  sand i e r  margins of  the  
p la inland.  Once more i t  i s  probable  t h a t  the  water  t a b l e  regime and 
soil moi s t u r e  r e l a t i o n s  play a c r i t i c a l  r o l e  in the  marked absence of  
t ree and shrub s pec i e s  wi th i n  t h i s  p l a i n l and  envi ronment .
The f r equency d i s t r i b u t i o n  of  p l a n t  spec i es  (Fig.  109) r ev e a l s  t h a t ,  
even wi th i n  t he  i n t e r me d i a t e  a r e a s ,  the  p l a n t s  a re  zoned in t h e i r
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r e s p e c t i v e  a s s o c i a t i o n s ,  f o r  r a r e l y  i s  t he r e  a continuum of  spec i e s  f o r  
ecch a s s o c i a t i o n .  Sida acuta,  f o r  example,  occurs  in d i s t i n c t  zones 
with complete breaks  between occur rences .  This spec ies  zonat ion tends  
to be shown in the  uneven t e x t u r e  of  recogni sed s pec t r a l  u n i t s ,  a l though 
areas  of  i nd i v idua l  spec i e s  cannot  be de t ec t e d .  The d i s t i n c t  zonat ion 
and s ep a r a t i o n  of  such spec i e s  as Brachyacne convergens, Sporobolus 
œustralasicrus, A streb la  squarrosa  and Enneapogon avenaceus,  which are  
c l e a r l y  r evea l ed  in the  p l a n t  f requency d i s t r i b u t i o n  (Fig.  109) ,  and have 
d i s t i n c t  s pe c t r a l  s i g n a t u r e s ,  a r e  e a s i l y  d i s t i ng u i s he d  however,  on the  
1:5,000 f a l s e  co l our  i n f r a - r e d  photography.
Soi l  geochemis t ry  va lues  along t r a n s e c t  3 reveal  no anomalous 
conce n t r a t i ons  of  me t a l ,  as i r o n ,  c o b a l t ,  l e a d ,  and z inc  in t he  s u r f ace  
soi l  a r e  wi th i n  l e v e l s  of  background v a r i a t i o n ,  al though copper  values  
are above average and the  60 ppm t h r e s ho l d  f o r  t h i s  a rea  ( Nico l l s  1964),  
and more than t r e b l e  in value from e a s t  t o  west  (Figs .  110, 111,  112,
113 and 114) .  The i nc r e a s e  in s o i l  copper  values  to  the  west  may be 
r e l a t e d  to  d i s p e r s i o n  from outcropping mi nera l i zed  c a l c - s i l i c a t e  bedrock,  
located f u r t h e r  t o  the west  o f f  the  t r a n s e c t  l i n e ,  or  a gradual  change 
in the geochemical  s o i l  envi ronment  r e l a t e d  to  bedrock geology.  However, 
i t  i s  s i g n i f i c a n t  t h a t  widespread t r a n s p o r t a t i o n  of  s u r f ace  ma t e r i a l  has 
been or  i s  s t i l l  o p e r a t i ve  f o r  t he  sur f ace  s o i l s  of  the  p l a i n l and  area  
are l i t t e r e d  wi th f ragments  of  magne t i t e ,  varying in s i ze  from gravel  to 
qui te  l a r ge  s tones  (over  10cm in d i amete r ) .  The n e a r e s t  outc rops  of  
magnet i t e ,  which occur  as l e n s es  wi th in  the c a l c - s i l i c a t e  f o rmat ion ,  are  
s i t ed  some k i l omet r es  away, t he  most prominent  outcrop being s i t u a t e d  to 
the south on Magnet i t e  f l a t  where s i g n i f i c a n t l y  t h i s  l i t h o l o g y  i s  
as soc i a t ed  wi th copper  m i n e r a l i z a t i o n  ( Nico l l s  e t  al 1965).
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FIGURE 113 The lead con t en t  o f  t he  p l a n t  t i s s u e  of  
s e l e c t e d  spec i e s  samples along t r a n s e c t  3 
in r e l a t i o n  to the geochemist ry o f  the 
su r f ace  soi l
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FIGURE 114 The i ron c o n t e n t  o f  the p l a n t  t i s s u e  o f  
s e l e c t e d  spec i e s  sampled along t r a n s e c t  3 
in r e l a t i o n  to the  geochemist ry of  the  
su r f ace  soi l
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Concent ra t i ons  of  i ron in t he  sur f ace  s o i l ,  s i m i l a r  to  copper ,  
i nc r e a s e  to  t he  west  (Fig.  114).  P l an t  samples i nc luding  t r e e ,  shrub 
and g r a s s  spec i e s  have low i ron c o n t en t s ,  gen e r a l l y  under 100 ppm, except  
f o r  the  above average l e v e l s  of  metal  t h a t  occur  in the  p l a n t  t i s s u e  of  
Brachyacne convergens  which a t t a i n  a maximum value of  2,200 ppm. This 
shal low r oo t i ng  g r as s  spec i es  i s  able  to  t ake  up s i g n i f i c a n t  amounts o f 
sur f ace  i ron wi th i n  the  p l a i n l a n d  envi ronment ,  where su r f ace  magne t i t e  
f ragments  a re  widespread on the  su r f ace  and in the  so i l  p r o f i l e  i t s e l f .
The r e l a t i v e  abundance of  t h i s  s pe c i e s ,  which i s  o f t en  dominant  wi th in  
the p l a i n l a n d s ,  could p os s i b l y  be r e l a t e d  to  the  a v a i l a b i l i t y  of  i ron 
which the  p l a n t  i s  r e a d i l y  ab l e  to  t ake  up from t h i s  c l ay  s o i l  envi ronment .
N i c o l l s  e t  al (1965) de t ec t e d  anomalous c o n c e n t r a t i ons  of  copper  in 
near  s u r f ace  r e s i dua l  s o i l s  over  s t r i k e  ex t ens i ons  of  the L i t t l e  Eva mine,  
which cu t  out  where t he  Cabbage Tree Creek l evee extended ac ros s  the  ore 
sub-outc rop .  The levee zone,  nor th  o f  the  L i t t l e  Eva mine,  in 1971, 
suppor ted a c h a r a c t e r i s t i c  p l a n t  community dominated by the spec i es  
C rota laria  tr ifo lia s tru m ^  and in o rder  to a s c e r t a i n  whether  t h i s  spec i es  
was an i n d i c a t o r  o f  p o s s i b l e  copper  mi n e r a l i z a t i on  beneath the  l evee sands ,  
a s ho r t  sampling t r a n s e c t  was s i t e d  from e a s t  to west  ac ros s  the  s t r i k e  
ex t ens ion  o f  the  L i t t l e  Eva Mine (Fig.  108).  The r e s u l t s  f o r  t he  copper ,  
c o b a l t ,  z i n c ,  l ead and i ron a n a l y s i s  of  samples of  p l a n t  t i s s u e  taken 
from the  deep r oo t i ng  spec i e s  a re  shown f o r  t h i s  t r a n s e c t ,  t o g e t h e r  wi th 
the s o i l  geochemis t ry  va lues  in Fig.  115.
No anomalous c o n ce n t r a t i o n s  of  metal can be de t ec t ed  e i t h e r  in p l a n t  
or  s o i l  samples.  Copper values  are  well  wi th in  background l e v e l s  and 
the amount o f  metal  in samples of  p l a n t  t i s s u e  i s  cor r esponding l y  under 
10 ppm. Coba l t ,  z inc  and lead va lues  a re  s i m i l a r l y  low, a l though 
con c e n t r a t i on s  o f  i ron  in the  su r f ace  so i l  a re  high over  the  western
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sandy l evee  s o i l s ,  s ha r p l y  de c r e a s i ng  in value a t  t he  c o n t a c t  wi th  t h i n  
s k e l e t a l  s o i l s  occu r r i ng  over  l i mes t one  agglomerate .  High l e v e l s  of  
i ron in t he  su r f a c e  s o i l  however,  a r e  not  r e f l e c t e d  in the metal  c o n t en t  
of  samples of  p l a n t  ma t e r i a l  taken from the  deeper  roo t i ng  s p e c i e s ,  which 
have uni formly  low metal  c o n t en t s  under  50 ppm. Consequent ly ,  from the  
t r a n s e c t  d a t a ,  i t  appears  t h a t  t he  s pec i e s  C rota laria  tv ifo l ia s tr v m  i s  
not  i n d i c a t i v e  o f  m i n e r a l i z a t i o n  and i t s  r e l a t i v e  profus ion  wi t h i n  t h i s  
a rea  must  be r e l a t e d  t o  o t h e r  envi ronmenta l  parameters  such as t he  deep,  
sandy s o i l ,  more ac i d  s o i l  c o nd i t i o n s  o r  g r e a t e r  moi s t ure  a v a i l a b i l i t y .
The ground t r u t h  i n v e s t i g a t i o n s  f o r  the  L i t t l e  Eva p l a i n l a n d s  a rea
revea l  t h a t  t he  c h a r a c t e r i s t i c  d i s t r i b u t i o n  p a t t e r n  of  s p e c t r a l  s i g n a t u r e s ,
i
produced by the  r e s p e c t i v e  p l a n t  communi t ies ,  i s  probably  r e l a t e d  to  such 
so i l  p r o p e r t i e s  as s o i l  r e a c t i o n ,  c l a y  mineralogy and moi s t u r e  r e t e n t i o n ,  
a l l  o f  which a f f e c t  s o i l  moi s t u r e  c o n d i t i o n s  and subsur face  d r a i na ge .  
I d e n t i f i c a t i o n  q-^  t he se  d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e  p a t t e r n s  on co l our  
i n f r a - r e d  f i l m t h e r e f o r e  c l e a r l y  d i s t i n g u i s h e s  t he  b lack s o i l  p l a i n s  from 
o t h e r  a r e a s .
On the  b a s i s  o f  t he s e  s t u d i e s  under taken in the L i t t l e  Eva P l a i n l a n d s  
a r e a ,  i t  was p o s s i b l e  to  r ecogn i se  by e x t r a p o l a t i o n  s i m i l a r  d i s t i n c t i v e  
p a t t e r n s  of  s p e c t r a l  s i g n a t u r e s  d i s p l a yed  by the  co l our  i n f r a - r e d  photography 
wi th i n  t he  Mary Kathleen - Cloncurry survey a r ea .  Subsequent  ground 
i n v e s t i g a t i o n s  confi rmed t h a t  t he  i d e n t i f i e d  p a t t e r n s  of  s p e c t r a l  s i g n a t u r e s  
were comprised o f  r e p e t i t i v e  s equenc i es  of  green and herb communit ies  
s i m i l a r  t o  t hose  o c cu r r i ng  in t he  L i t t l e  Eva a r ea  and t h a t  t he  d i s t r i b u t i o n  
of  t h e s e  p a t t e r n s  was c o i n c i d e n t  wi th t he  zones of  b lack expans ive  c l ay  
s o i l s  found wi t h i n  the  e x t e n s i v e  p l a i n l a n d s  west  of  the  Cloncur ry  River .  
Within t h e s e  a r e a s ,  a l t hough  no d e t a i l e d  t r a n s e c t  r ecord i ng  was under t aken ,
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i t  was appa r e n t  t h a t  t he  o v e r a l l  d i s t r i b u t i o n  of  p l a n t  communit ies was 
once more i n d i c a t i v e  of  s ubsur f ace  d r a i nage  and soi l  moi s t u r e  c o n d i t i o ns  
probably  a s s o c i a t e d  wi th the l e n g t h  o f  t ime water  l i e s  a f t e r  r a i n s .  The 
i d e n t i f i c a t i o n  o f  black s o i l  p l a i n s  through an i n t e r p r e t a t i o n  o f  d i s t i n c t i v e  
s p e c t r a l  s i g n a t u r e  p a t t e r n s  recorded on i n f r a - r e d  f i l m ,  as e s t a b l i s h e d  
wi t h i n  t h e  survey a r e a s ,  i s  i mpor t a n t ,  as t he se  envi ronments  o f f e r  
p o t e n t i a l l y  va l ua b l e  g r az i ng  land and p r e s en t  many founda t ion  problems f o r  
highway eng i nee r i ng  in A u s t r a l i a ,  Af r i ca  and o t h e r  p a r t s  of  t he  world.
7.2 De l i ne a t i on  of  geol o g i c a l  u n i t s  and s t r u c t u r a l  f e a t u r e s
I t  i s  known t h a t  v eg e t a t i o n  o f t en  se rves  as a useful  i n d i c a t o r  of  
s ubsur f ace  c o n d i t i o n s  p a r t i c u l a r l y  in s emi -a r i d  regions  where t h e r e  i s  a 
predominance of  r e s id u a l  s o i l s  (Colwel l  1953a,  Chikishev 1965).  Previous  
s t u d i e s  e s t a b l i s h e d  t h a t  the  v eg e t a t i o n  a s s o c i a t i o n s  wi th i n  t he  low t r e e  
and shrub savanna of  t he  Dugald River  a rea  correspond c l e a r l y  wi th t he  
ou t c rops  o f  t he  1i t h o l o g i c a l l y  d i s t i n c t  geo l og i ca l  u n i t s  ( N i c o l l s  e t  al 
1965).  I n t e r p r e t a t i o n  of  t he  m u l t i s p e c t r a l  photography in t he  a r ea s  o f  
d e t a i l e d  i n v e s t i g a t i o n  has shown t h a t  i t  i s  p o s s i b l e  t o  d e t e c t  i n d i v i dua l  
p l a n t  s p e c i e s  composing the  ground v e g e t a t i o n ,  as well  as t he  v e g e t a t i on  
a s s o c i a t i o n s ,  by t h e i r  d i s t i n c t i v e  s p e c t r a l  s i g na t u r e s  on f a l s e  co l our  
i n f r a - r e d  f i l m a t  Doth the  1:15,000 and 1:5 ,000 s c a l e s .  In t h i s  way the  
i d e n t i f i c a t i o n  o f  v eg e t a t i on  a s s o c i a t i o n s  and geobotanica l  r e l a t i o n s h i p s ,  
through an i n t e r p r e t a t i o n  of  s p e c t r a l  s i g n a t u r e s  recorded on co l our  i n f r a ­
red f i l ,  can a s s i s t  geo l og ica l  mapping.
Within t he  low t r e e  and shrub savanna of  t h i s  s emi - a r i d  envi ronment ,  
the ground cover  v eg e t a t i on  cu s t o ma r i l y  r e f l e c t s  the degree and n a t u r e  of  
the cover  o f  s u p e r f i c i a l  ma t e r i a l  ove r l y i ng  bedrock.  Throughout  t he  survey 
a r ea s  i t  i s  e v i d e n t  t h a t  î:he r e s i n o u s ,  t ussock  g ras s  s p e c i e s ,  T r io d ia
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pungens^ which produces  b lue  green s i g n a t u r e s ,  i s  c h a r a c t e r i s t i c  of  sandy 
so i l  and n ea r  s u r f a c e  bedrock,  whereas t he  s o f t e r  g r a s s e s ,  which have wider  
l e a f  b l a de s  and may form an open but  more cont inuous  ground cove r ,  produce 
red pu r p l e  t o  v i o l e t  s p e c t r a l  s i g n a t u r e s  and a re  u s u a l l y  c h a r a c t e r i s t i c  
of  a r ea s  where s u p e r f i c i a l  ma t e r i a l  masks bedrock.  This b as i c  d i s t i n c t i o n  
of  s p e c t r a l  s i g n a t u r e  between g r a s s  s pec i e s  can a s s i s t  ge o l og i c a l  mapping,  
e s p e c i a l l y  in a r e a s  where l i t t l e  d e t a i l e d  s t u d i e s  have been c a r r i e d  ou t .
D i f f e r e n c e s  in t he  tone and t e x t u r e  o f  t he  blue green s p e c t r a l  
s i g n a t u r e  o f  T riod ia  pungens,  r e l a t e d  t o  v a r i a t i o n s  in t he  d i s t r i b u t i o n a l  
p a t t e r n  and d e n s i t y  of  t he  i n d i v i dua l  t u s s oc k s ,  permi t  t he  r e c o g n i t i o n  of  
i n d i v id ua l  bedrock u n i t s .  In t he  v i c i n i t y  of  t he  Dugald River  l ode ,  f o r  
example,  a dark hue d i f f e r e n t i a t e s  t he  outc rop a rea  of  a r g i l l a c e o u s  
l i me s t o n e ,  w h i l s t  c o n t r a s t i n g  changes in t o n e ,  t e x t u r e  and p ho t opa t t e r n  
a l so  e n a b l e s  t he  c a l c - s i l i c a t e s ,  l i mes tone  agglomerate  and sha l e  h o s t -  
rock to  be d i s t i n g u i s h e d .  Within t he  Mary Kathleen - Cloncur ry a r e a ,  
the compos i t e  s p e c t r a l  s i g n a t u r e s  of  s u r f a c e  v e g e t a t i o n ,  s o i l  and rock 
type a l s o  permi t  t he  r e c o g n i t i o n  on co l our  i n f r a - r e d  f i l m of  s evera l  l a r g e  
d o l e r i t e  dykes ,  d e s p i t e  t he  f a c t  t h a t  they  r a r e l y  give r i s e  to  marked 
changes o f  r e l i e f  (see Chapter  8 ).  On i n t e r f l u v e s  and o t h e r  a r ea s  o f  
s u p e r f i c i a l  cove r ,  unique i n f r a - r e d  s i g n a t u r e s ,  i d e n t i f i e d  f o r  each s pec i e s  
and combinat ion of  s p e c i e s  of  t he  s o f t  g r a s s e s ,  s i m i l a r l y  r e f l e c t  s o i l  and 
moi s t u r e  c o n d i t i o n s ,  which f r e q u e n t l y  may be r e l a t e d ,  or  a s s i s t  in t he  
i n t e r p r e t a t i o n  of  under ly i ng  bedrock.
Major  f a u l t  l i n e s  and j o i n t  systems a re  f r e q u e n t l y  r evea l ed  on the  
i n f r a - r e d  photography by c o nc e n t r a t i o n s  o f  Eucalyptus  and o t h e r  t r e e  s pec i e s  
which f a vou r  t he  g r e a t e r  a v a i l a b i l i t y  of  moi s t u re  o f t en  con c e n t r a t e d  along 
such s t r u c t u r a l  l i neamen t s .  In prominent  q u a r t z i t e  a r e a s ,  such as t he  
Knapdale f o r ma t io n ,  l i n e a r  banding in t he  t r e e  and shrub v e g e t a t i o n  and
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consequent  i n f r a - r e d  s i g n a t u r e s  may r e f l e c t  i nd i v idua l  s t r a t i g r a p h i e  
ho r i zons .  S i m i l a r l y  t he  ' b o t t l e  t r e e ' ,  Brachy chiton a u s tr a l is ,  which can 
be i d e n t i f i e d  by i t s  crown c h a r a c t e r i s t i c s  a l though not  producing a 
d i s t i n c t i v e  i n f r a - r e d  s i g n a t u r e ,  i s  commonly found on l ime r i c h  rock bands 
wi t h i n  t he  c a l c - s i l i c a t e  rocks  o f  the  Corel l a  format ion.
To t he  south of  t he  Knapdale q u a r t z i t e  range ,  d i s t i n c t i v e  banding 
in t he  ground cover  o f  T riod ia  pungens,  apparen t  on the  i n f r a - r e d  
photography as d i s t i n c t  blue  green s i g n a t u r e s ,  wi th red purple  s i g n a t u r e s  
o f  Enneapogon p o lyp h y llu s  and Eriorhne dom inii  occupying the  deeper  s o i l s  
of  i n t e r v e n i n g  a r e a s ,  r evea l ed  the  presence o f  f o l d  s t r u c t u r e s  wi t h i n  a 
l i mes tone  and s ha l e  sequence of  t he  Corel l a  format ion .  The blue  green 
s i g n a t u r e  o f  T riod ia  pungens  marked t h e  l imes tone  bands,  w h i l s t  t he  more 
e a s i l y  weathered sha l e  formed deeper  s o i l s  which were c h a r a c t e r i s e d  by 
the  red  purp l e  s i g n a t u r e s  o f  Enneapogon po lyph yllu s  and Eriachne dom inii.
These r e l a t i o n s h i p s  r e v e a l e d  in t he  Dugald River  and Mary Kathleen - 
Cloncur ry  survey a r e a s  demons t r a te  the  value  o f  us ing co l our  i n f r a - r e d  
f i l m f o r  pho togeo log ica l  i n t e r p r e t a t i o n  and geobot ani ca l  i n v e s t i g a t i o n s .
In a d d i t i o n  t o  rhe d e t e c t i o n  of  s u b t l e  changes in t he  s p e c t r a l  r e f l e c t a n c e  
c h a r a c t e r i s t i c s  of  p l a n t s ,  in p l a n t  growth and v a r i a t i o n s  in s pec i e s  
composi t ion a s s o c i a t e d  wi th  anomalous t r a c e  element  c o nc e n t r a t i o n s  in the  
s o i l ,  i t  i s  a l s o  e v i de n t  t h a t  t he  d i s t r i b u t i o n  of  p l a n t  communit ies and 
genera l  v a r i a t i o n s  in t ypes  of  v eg e t a t i on  tend t o  show up more c l e a r l y  on 
co l our  i n f r a - r e u  f i l m which can t h e r e f o r e  be used to  a s s i s t  mapping o f  
g eo l og i ca l  boundar ie s  and s t r u c t u r a l  f e a t u r e s .
298
CHAPTER 8
The r e c o g n i t i o n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r es  d i s p l a y e d by 
the  m u l t i s p e c t r a l  photography and v e g e t a t i on  u n i t  d i s t r i b u t i o n  s t u d i e s 
o f  s e l e c t e d  a r e a s  in th^  Mary Kathleen - Cloncurry region
S t ud i e s  o f  the  m u l t i s p e c t r a l  photography in the Dugald River  survey 
a rea  demons t ra t ed  t h a t ,  on t he  b a s i s  o f  the  i n t e r p r e t a t i o n  o f  s pe c t r a l  
s i g n a t u r e s  d i s p l a ye d  by t h e  c o l ou r  i n f r a - r e d  f i l m and a s s o c i a t e d  ground 
s t u d i e s  c a r r i e d  ou t  in t he  Dugald River  lode a r ea ,  i t  was p o s s i b l e  to  
r e c ogn i se  by e x t r a p o l a t i o n  s i m i l a r  d i s t i n c t i v e  s pe c t r a l  s i g n a t u r e s ,  and 
e s p e c i a l l y  t hos e  produced by anomalous p l a n t  communit ies ,  in o t h e r  a r ea s  
o f  t he  Dugald River  r eg ion  covered by the  survey photography.  S i m i l a r l y  
new s p e c t r a l  s i g n a t u r e s  were i d e n t i f i e d  and r e l a t i o n s h i p s  e s t a b l i s h e d  
between tlie d i s t r i b u t i o n  of  s p e c t r a l  s i g n a t u r e s ,  v e g e t a t i on  u n i t s  
and envi ronmenta l  parameter s  in d i f f e r e n t  a r ea s  such as the L i t t l e  
Eva P l a i n l a n d s .
Fol lowing i n v e s t i g a t i o n s  in the  Dugald River  lode a r e a ,  the m u l t i ­
s p e c t r a l  photography o f  t he  Mary Kathleen - Cloncurry survey was a l so  
s t ud i e d  wi th a view as to  i d e n t i f y i n g  on the  co l our  i n f r a - r e d  f i l m 
s i m i l a r  d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  a s s o c i a t e d  wi th anomalous p l a n t  
communi t ies .  Within t he  more v a r i e d  t e r r a i n  o f  t h i s  a r ea  new s p e c t r a l  
s i g n a t u r e s  were i d e n t i f i e d  on the  co l our  i n f r a - r e d  photography which was 
a l so  used to  i n v e s t i g a t e  t he  d i s t r i b u t i o n  of  v e g e t a t i on  u n i t s  in r e l a t i o n  
to the  c on t ro l  and i n f l u en ce  of  d i f f e r e n t  parameters  o pe r a t i v e  in the 
more d i v e r s e  phys i ca l  envi ronment  o f  t h i s  r eg ion .
F i e l d  i n v e s t i g a t i o n s  conf i rmed t h a t  d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  
r ecogni sed  on c o l ou r  i n f r a - r e d  photography in the  c o n t r a s t i n g  envi ronments
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of  the  Black Rock - P innac l e  and Lady Vera a r ea s  were c o i n c i d e n t  wi th 
anomalous p l a n t  communit ies growing d i r e c t l y  over  dominant ly copper  
mi ne r a l i ze d  bedrock u n i t s  w i t h i n  t he  c a l c - s i l i c a t e  rock ou t c rop  o f  the  
Corel l a  f o r ma t i on .  Anomalous p l a n t  communit ies were f u r t h e r  s t u d i e d  a t  
the Megaphone Mine and Hardway Extens ion a r e a s ,  a l so  u nde r l a i n  by c a l c -  
s i l  i c a t e  r oc k s ,  where, s u i t a b l e  photography was not  a v a i l a b l e  due to  gaps 
in t he  photo coverage.
8 .1 The Black Rock - Pinnacle  area
The Black Rock - P i nnac l e  copper  bear ing c a l c - s i l i c a t e  rocks ,  
immediate ly t o  t he  no r t h  west  o f  Mary Kathleen are  r evea l ed  by an e x t en s i ve  
geobot an i ca l  anomaly on a prominent ,  s t eep  s i d e d ,  nor th  - south f a u l t  bounded 
r i d g e ,  ( P l a t e  15) .  An e a s t  west  c o n t r a s t  in the  d i s t r i b u t i o n  of  s p e c t r a l  
s i g n a t u r e s  and t he  a s s o c i a t e d  v e g e t a t i on  u n i t s  emphasises t he  bas i c  d i s t r i ­
but ion o f  two t e r r a i n  t ype s .  Eas t  o f  t he  r i d g e ,  v a l l e y  lowlands a re  
broken only  by r e s i s t a n t  rock o u tc ro p s ,  w h i l s t  t o  Lhe wes t ,  t he  t e r r a i n  
i s  c l o s e l y  d i s s e c t e d  and comprised o f  sha rp ,  ang u l a r ,  h i l l s  and r i d g e s .
8 .1 .1  I n t e r p r e t a t i o n  o f  t he  s p e c t r a l  s i g n a t u r e s  r ec o gn i s ed  on the 
f a l s e  c o l ou r  i n f r a - r e d  photography
The s p e c t r a l  s i g n a t u r e  u n i t s  d i s t i n g u i s h e d  wi th i n  one frame cover i ng  
the a r ea  of  m i n e r a l i z a t i o n  a r e  shown in Fig 116 where t h i r t e e n  d i s t i n c t  
s i g n a t u r e s  a r e  mapped. A mapping s c a l e  o f  1 :15 , 000 ,  however,  i s  r e s p o n s i ­
ble f o r  a degree  o f  s i m p l i f i c a t i o n  o f  t he  more complex a c t ua l  p i c t u r e .
The s p e c t r a l  s i g n a t u r e  (1) of  t he  g e o b o t a n i c a l l y  anomalous p l a n t  
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PLATE 15.  The Black Rock - Pinnacle anomalous plant  community,
dominated by Eriachne mucronata  and Polyccor^aea glabra^ 
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blue green (123D + 123C) wi th g e n e r a l l y  a f i n e  and smooth t e x t u r e  
c o n t r a s t i n g  sha r p l y  wi th ’■hat o f  a l l  o t h e r  s pe c t r a l  u n i t s .  The dominant  
spec i e s  which a r e  widely spaced over  the copper  bear ing s c h i s t s  and 
sha l e s  a r e  too small to  be i n d i v i d u a l l y  r e so lved  a t  t h i s  s ca l e  and the 
r e s u l t a n t  s i g n a t u r e  u n i t  i s  comprised of  a combinat ion of  weak r e f l e c t a n c e  
from v eg e t a t i on  and bare ground.
C h a r a c t e r i s t i c a l l y  devoid o f  t r e e  crowns,  the  s i g n a t u r e  has a c l e a r l y  
def ined  n o r t h - s ou t h  o r i e n t a t i o n  fol lowing the  upper western r i d g e  s lopes  
and geo l og i ca l  s t r i k e  ( P l a t e  15) .  Cut t ing  ac ros s  the mosaic o f  o th e r  
s i g n a t u r e s ,  which r e f l e c t  the  complex vege t a t i on  - envi ronment  p a t t e r n s  
of  a d j a c e n t  a r e a s ,  the  c l e a r l y  def ined  boundar ies  o f  t h i s  u n i t  commonly 
suppor t  a growth of  Tephrosia purpurea var. ax -illa ris  and Santatvjri 
lanceolatum  shrubs ,  which due to  t h e i r  l ack o f  d e f i n i t e  crowns,  are  
d i f f i c u l t  t o  r e s o l v e .  However,  where t hese  spec i es  a re  c on c e n t r a t e d ,  they  
may give r i s e  t o  f a i n t  pink (65D) tones  in t he  ove ra l l  blue green 
s i g n a t u r e .
The d i s t i n c t  c o n t r a s t  between the  poor i n f r a - r e d  r e f l e c t i n g  T riod ia  
pungens^ dominat ing the  western h i l l s ,  and the  compara t ive ly  high i n f r a - r e d  
r e f l e c t i o n  o f  a l l  o t h e r  g r as s  spec i e s  occupying a reas  o f  covered ground on 
the  e a s t e r n  lowlands i s  shown by t he  spe c t r a l  s i g n a t u r e  d i s t r i b u t i o n  map 
(Fig.  116).  The s p ec t r a l  s i g na t u r e s  o f  a r ea s  c h a r a c t e r i s e d  by T riod ia  
pungens which u su a l l y  c o n s i s t  o f  t h i n ,  sandy,  s k e l e t a l  s o i l s  over  near  
s u r f a c e  bedrock outc rop  a re  predominant ly  dark b lue ,  the d i f f e r e n c e  in 
tone and t e x t u r e  between u n i t s  being r e l a t e d  to  the  varying d e n s i t y  o f  
the sp e c i e s  in combinat ion wi th bare ground and rock outc rop ( s p e c t r a l  
u n i t s  8 , 9,  10 and 12) Within t he se  a r ea s  the  s c a t t e r e d  Eucalyptus 
t r e e s  make only  weak and i n s i g n i f i c a n t  c o n t r i b u t i o n s  to the  s i g n a t u r e .
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The form and na t u r e  o f  t h i s  tough,  r e s i n o us ,  g ras s  s pec i e s  a re  
r e s p o n s i b l e  f o r  the poor i n f r a - r e d  r e f l e c t a n c e  and dark blue tones  on 
co l ou r  i n f r a - r e d  imagery.  In creeks  and a r ea s  of  i n t en s e  d e n d r i t i c  
d i s s e c t i o n  by f i n e  s t ream channe l s ,  due to  a v a i l a b l e  mo i s t u r e ,  a dense 
growth of  T riod ia  pungens i s  common and f r e q u e n t l y  found beneath a shrub 
canopy of  Acacia chisholmii^  producing a dark blue green (116D) s i g n a t u r e  
( s p e c t r a l  u n i t  14).  The dark s i g n a t u r e  tone not  only r e f l e c t s  t he  dense 
v e g e t a t i on  but  a l so  e l ements  o f  shadow and bare ground a s s o c i a t e d  wi th 
t he  s t e e p  banks,  g u l l i e s  and s lopes  found in such a r ea s  of  a c t i v e  e r o s i on .  
Red purp l e  tones  (65D) o c cu r r i ng  wi th i n  t h i s  u n i t  a re  r e l a t e d  to 
c o n c e n t r a t i o n s  o f  Acacia ch isholm ii  or  occur rences  of  Eucalyptus  and o t he r  
t r e e  s pe c i e s .
The very dark blue  green (116A) s ig n a t u r e  of  s p e c t r a l  u n i t  15 occurs  
due to  a dense growth o f  T riod ia  pungens and a var i ed  shrub l a y e r  o f  
Acacia^ Eremophila^ Tristania^ Melaleuca:, Santalwn  and Tephrosia  spec i e s  
growing on a s t e e p ,  sourh f ac i ng  s lope .  The shadow e f f e c t  due to  the  
s t eepne s s  o f  s l o p e ,  bare a rea  and rock outcrop a l l  c o n t r i b u t e ,  as well  as 
the v e g e t a t i o n ,  t o  t he  darkness  o f  tone which i s  e f f e c t i v e  in masking any 
red purp l e  o r  pink t ones  i n d i c a t i v e  o f  s i g n i f i c a n t  i n f r a - r e d  r e f l e c t i o n .
In c o n t r a s t ,  t he  s p e c t r a l  s i g n a t u r e  produced by Eriachne dominii 
( s p e c t r a l  uniL 3 ) ,  a s pec i e s  c l o s e l y  c a r p e t i n g  the ground su r f ace  and 
g e n e r a l l y  o c cu r r i ng  in a dense vege t a t i on  l a y e r  on f l a t  o r  g en t l y  s lop ing  
ground,  shows high r e f l e c t a n c e  and i s  c h a r a c t e r i s t i c a l l y  red purple  (63C) 
in c o l ou r .  S i m i l a r l y  Sporoholus au stra la sicu s  gives  a d a r k e r ,  v i o l e t  tone 
(87D) due t o  i t s  l a r g e r  and more p r o l i f i c  seed head and when co-dominant  
wi th Enneapogon po lyph yllu s  produces a g r ey i sh  purple  ( I860) s i g n a t u r e  
( s p e c t r a l  u n i t  6 ).  These ephemeral g r as s es  a re  found in the  lowland a r ea s  
where s o i l s  a r e  deeper  and the  spec i e s  a re  ab l e  to  t h r i v e  on moi s t ure  
r e t a i n e d  a f t e r  t he  wet season.
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In t he  e a s t e r n  h a l f  o f  the  f rame,  a reas  o f  d o l e r i t e  ou t c ro p ,  wi th 
d i s t i n c t i v e  dark coloured s o i l s  suppor t i ng  a spar se  g r as s  cover  o f  
dominant ly Enneapogon p o ly p h y l lu s  and more r a r e l y  A v i-s t id a  brow niana^  
give r i s e  to  a dark blue (114B) s i g n a t u r e  ( s pe c t r a l  u n i t  4b) .  These 
i n t r uded  rocks  a r e  f i n e  gra ined  and o f  dark c o l our ,  wi th c h a r a c t e r i s t i c  
poor i n f r a - r e d  r e f l e c t i o n ,  producing a unique dark toned s i g n a t u r e  o f  f i n e  
and smooth t e x t u r e .  The red purple  (65C) tones  of  the  Enneapogon p o ly p h y l lu s  
i n f r a - r e d  r e f l e c t i o n  a re  secondary wi th i n  t h i s  s p e c t r a l  u n i t  to  the  
dominant  r e f l e c t a n c e  o f  bare  s o i l  and near  sur f ace  bedrock whose dark blue 
s i g n a t u r e  c l e a r l y  r ev ea l s  t he  d i s t r i b u t i o n  o f  d o l e r i t e  wi th i n  t h i s  frame 
a r ea .
The blue green s i g n a t u r e  o f  T r io d ia  pungens  changes t o  a combinat ion 
of  red purp l e  (55C) and blue green (123C) as t he  spec i es  i s  a s s o c i a t e d  
wi th Enneapogon p o ly p h y l lu s  ( s p e c t r a l  u n i t  11) where the  s o i l s  a r e  deeper ,  
sandy in n a t u r e  and developed on c o l l u v i a l  or  r e s i dua l  ma t e r i a l  on f o o t -  
s lope  s i t e s  o r  rounded,  low ly i ng  i n t e r f l u v e s .  Frequent ly  t he  v e g e t a t i on  
i s  spa r s e  and a l a r g e  percentage  of  bare ground c o n t r i b u t e s  to  t he  blue 
green component of  the  s i g n a t u r e .  In the h i l l y ,  d i s s e c t e d ,  wes tern t e r r a i n ,  
blue green T r io d ia  pungens  s i g n a t u r e s  may a l so  give way to  t he  l i g h t e r  
blue green (121C) and whi te  (155D) s i g n a t u r e s  of  a r ea s  devoid of  
v e g e t a t i o n .  Such s u r f ac e s  may c o n s i s t  o f  loose su r f ace  ruijble of  
dominant ly  q u a r t z i t e ,  and s k e l e t a l  sandy so i l  ( sp e c t r a l  u n i t  7) or  bare 
rock o u t c r o p ,  p a r t i c u l a r l y  q u a r t z i t e  (spect^a^ u n i t  19).  Q u a r t z i t e  
ou t c rops  producing a l i g h t  blue green to  whi be s i g n a t u r e  (^230 - 155D) 
occur  along prominent  f a u l t  l i n e s  where s i l i c i f i c a t i o n  has occur red .
Using ground t r u t h  i n fo rma t i on ,  t he  number of  spe c t r a l  s i g na t u r e  
u n i t s  i s  reduced t o  nine (Fig.  117) by grouping a r ea s  dominated by the  
s i g n a t u r e s  f o r  i nd i v i dua l  s pec i e s  such as T r io d ia  pungens  ( s p e c t r a l  u n i t s
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9 and 10) ,  T r io d ia  pungens  with a common occurrence of  E u c a ly p tu s  s pec i e s  
( s p e c t r a l  u n i t s  8 and 12) ,  T r io d ia  pungens  with A ca c ia  c h is h o lm i i  and 
o t h e r  shrub spec i e s  in a r ea s  o f  dra inage  and a c t i v e  gu l l y  e ros i on  
( s p e c t r a l  u n i t s  14 and 15) or  by bare ground ( spec t r a l  u n i t s  17 and 19).
Grouping o f  s pe c t r a l  s i g n a t u r e s  p r e sen t s  a c l e a r e r  p i c t u r e  o f  the 
major  d i s t r i b u t i o n  of  v e g e t a t i on  t y p e s ,  which a l so  can be of  use in the  
b roader  c o r r e l a t i o n s  r e qu i r e d  between p h o t o i n t e r p r e t a t i o n  s t u d i e s  and 
mi c rodens i t ome t e r  machine a n a l y s i s  o f  s pec t r a l  u n i t s .  In a d d i t i o n ,  the  
r e l a t i o n s h i p  e x i s t i n g  between s u r f ace  vege t a t i on  and envi ronment  i s  
f r e q u e n t l y  r evea l ed  more c l e a r l y  in a r eg iona l  p a t t e r n  o f  grouping.  On 
c o l ou r  i n f r a - r e d  photography,  v e g e t a t i on  s i g n a t u r es  are  predominant  and 
consequen t l y  t h e i r  s tudy and c l a s s i f i c a t i o n  by p h o t o i n t e r p r e t a t i o n  
t echn i ques  i s  an i n i t i a l  s t e p  in t e r r a i n  a n a l y s i s  where the  d i s t r i b u t i o n  
of  p l a n t  communit ies and v e g e t a t i on  a s s o c i a t i o n s  i s  i n d i c a t i v e  of  c h a r a c ­
t e r i s t i c  r e s i d ua l  so i l  t y p e s ,  geomorphological  f e a t u r e s  and bedrock geology.
The combined s pe c t r a l  s i g n a t u r e  i n t e r p r e t a t i o n  (Fig.  117) i l l u s t r a t e s  
c l e a r l y  t he  b as i c  d i f f e r e n c e  between the  T r io d ia  pungens  h i l l  t e r r a i n  of  
the west  and the  s o f t  g r a s s e s  of  the  ea s t e r n  lowlands.  I t  a l so  emphasises 
t he  dominant  nor th  south t r end  in vege t a t i on  u n i t s  which r e f l e c t  the 
under ly i ng  geology.  Dominant a reas  of  m i n e r a l i z a t i o n ,  r evea l ed  by an 
anomalous p l a n t  community,  and the d i s t r i b u t i o n  of  d o l e r i t e  a re  a l so  
e a s i l y  d i s c e r n e d .  The marked d i f f e r e n t i a t i o n  between e a s t  and wes t ,  
c l e a r l y  a c c en t ua t ed  by the  v e g e t a t i on  cover  and r evea l ed  on co l our  i n f r a - r e d  
photography,  i s  i n d i c a t i v e  of  two d i s t i n c t  eco l og i ca l  envi ronments  c r ea t e d  
and governed by complex and i n t e r r e l a t e d  g e o l o g i c a l ,  geomorphological  
and pedo l og ica l  f a c t o r s .
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8 . 1 . 2  I n t e r p r e t a t i o n  of  the  d i s t r i b u t i o n  of  s pe c t r a l  s i g na t u r e s  and 
ve ge t a t i on  u n i t s  in r e l a t i o n  to  environmental  parameters
The c l ose  r e l a t i o n s h i p  ev i den t  between the  s pe c t r a l  s i g n a t u r e  u n i t s  
and p l a n t  a s s o c i a t i o n s  i s  confi rmed by the  frequency d i s t r i b u t i o n  o f  p l a n t  
spec i e s  along t r a n s e c t s  12 and 18 (Figs .  118 and 122).  V a r i a t i o n s  in the 
dark blue s i g n a t u r e s  o f  T r io d ia  pungens  are  r e l a t e d  to d i f f e r e n t  
d e n s i t i e s  o f  p l a n t  growth.  On the  ca l ca r eous  sediments  t he  very uneven 
na t u re  o f  the  hi s togram bars  r e l a t e  t o  t he  g r e a t e r  d e n s i t y  and more 
conce n t r a t e d  tu s socks  o f  t h i s  gras s  spec i e s  mani fes t  in the blue  green 
(116D) s i g n a t u r e  o f  s pe c t r a l  u n i t  8 . To the  e a s t ,  t he  sma l l e r  d e n s i t y  
and wider  spacing o f  the  s pec i e s  wi th t he  g r e a t e r  i nc idence  o f  bare ground 
c l e a r l y  cor responds  to the  l i g h t e r  blue green (1190) tone of  s pe c t r a l  
u n i t  12.  The dominant  a rea  o f  Enneapogon p o ly p h y l lu s  on the  west  o f  
t r a n s e c t  12 i s  r e l a t e d  t o  t he  bare ground blue  green (121C) s i g na t u r e  of  
s pe c t r a l  u n i t  17. As Enneapogon p o ly p h y l lu s  only produces a very l i g h t  
pink (65C) s i g n a t u r e ,  which ha rd l y  r e g i s t e r s  when the d i s t r i b u t i o n  i s  
small in a r ea  o r  r e l a t i v e l y  s p a r s e ,  g r e a t  amounts of  su r f ace  qua r t z  and 
rock d eb r i s  have dominated the  r e f l e c t a n c e ,  r e s u l t i n g  in the l i g h t  blue 
to  w h i t i sh  t one  of  t he  s pe c t r a l  u n i t .
E u c a ly p tu s  spec i e s  cannot  be i d e n t i f i e d  from the  i n f r a - r e d  co l ou r  
imagery,  a l though on the  pe r i phe ry  o f  t he  mi ne r a l i zed  zone c e r t a i n  
E u c a ly p tu s  t e r m in a l i s  spec i e s  may be i n f e r r e d  due to  the high i n f r a - r e d  
r e f l e c t a n c e  and b r i g h t  pink s i g n a t u r e  (650) given by the  l a r g e  crowns 
of  well  developed t r e e s .  Consequent ly only the varying d e n s i t y  o f  T r io d ia  
p u n g e f i S j ,  r e s p o n s i b l e  f o r  the d i f f e r e n t  blue green s i g na t u r e s  over  
s ucces s i ve  rock u n i t s ,  i s  i n d i c a t i v e  of  the vege t a t i on  a s s o c i a t i o n s  p r es en t  
over  a major  p a r t  o f  t he  frame a r ea .
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FIGURE 118 Plan t  spec ies  f requency d i s t r i b u t i o n  in r e l a t i o n  to sur f ace  
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FIGURE 119 The copper  con t en t  of  t he  p l a n t  t i s s u e  of  
s e l e c t e d  spec i es  sampled along t r a n s e c t  12 
in r e l a t i o n  to the geochemist ry of  the 
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FIGURE‘120 The c o b a l t  c on t en t  o f  the p l a n t  t i s s u e
o f  s e l e c t e d  spec i e s  sampled along t r a n s e c t  12 
in r e l a t i o n  to the  geochemis t ry of  the s u r f ace  so i l
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FIGURE 121 The- i ron  con t en t  of  the p l a n t  t i s s u e  of
s e l e c t e d  spec i e s  sampled along t r a n s e c t  12 
in r e l a t i o n  to the geochemis t ry o f  t he  su r f ace  
so i l
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The f requency d i s t r i b u t i o n  o f  p l a n t  spec i e s  along t r a n s e c t s  12 and 
18 conf i rm t h a t  on t he  more ac i d  so i l  envi ronment  o f  the v o l c an i c  rocks  
the l i g h t e r  blue green s i g n a t u r e  o f  s pe c t r a l  u n i t  12 i s  c o i n c i d e n t  wi th  an 
a s s oc i a t i on  of  E. h v e v i f o l i a  -  T r io d ia  pungens^ w h i l s t  on t he  deeper  s o i l s  
of the c a l c a r e o u s  sed iment s ,  a denser  a s s o c i a t i o n  of  E. a r g i l l a c e a  -  
T r io d ia  pungens  i s  dominant ,  f r e q u e n t l y  wi th a shrub l a y e r ,  in producing 
the d a r ke r  blue s i g n a t u r e s .  On ca l ca r eous  g r a n o f e l s ,  l i mes t one ,  s c h i s t s  
and q u a r t z i t e ,  t he  ground l a y e r  vege t a t i on  i s  q u i t e  spa r se  and due to  the  
higher i nc i dence  of  bare ground whi te  to  l i g h t  blue s i g n a t u r e s  a re  
co i nc i den t  wi th  the  E. a r g i l la o e a ^  E. h r e v i f o l i a ^  Enneapogon p o ly p h y l lu s  
as s oc i a t i on  which i s  c h a r a c t e r i s t i c  of  such a r e a s .
The v a r i e d  shrub l a y e r  on the  western r i dge  s lopes  i s  mainly 
a s s oc i a t ed  wi th  dra inage  channe l s ,  too small  t o  map a t  the  1:15,000 s c a l e ,  
whi l s t  on the  e a s t e r n  s l o p e s .  A c a c ia  p h leh o ca rp a ^  t o g e t h e r  wi th a high 
dens i ty  o f  T r io d ia  p u n g en s , accounts  f o r  the red purple  (650) and blue 
green (1160) s i g n a t u r e  o f  s pe c t r a l  u n i t  14. The no r the rn  s e c t i on  of  t he  
r idge has been more a c t i v e l y  d i s s e c t e d  by gu l l y  systems wi t h i n  which a 
shrub l a y e r  A c a c ia  p h le h o c a rp a , A. h i d w i l l i ,  T e r m in a lia
a r id ic o ia  and E rem o p h ila  sp p . i s  developed over  a dense ground cover  of  
T r io d ia  pungens  producing,  t o g e t h e r  wi th exposed s t eep  bare s l o p es ,  t he  
dark blue green (116A) s i g n a t u r e  o f  s pe c t r a l  u n i t  15. The f requency 
d i s t r i b u t i o n  of  p l a n t  s pec i e s  on t r a n s e c t s  12 and 18 conf i rms t h a t  t he  
t o t a l  ground cover  o f  v eg e t a t i on  i s  h ighe r  in the nor th  cor responding  
to the d a r ke r  s i g n a t u r e s  o f  t he  r ecogni sed  s p e c t r a l  u n i t s .
The replacement  o f  E u c a ly p tu s  -  T r io d ia  pungens  a s s o c i a t i o n s  by the 
unique s i g n a t u r e  produced by t he  p l a n t  community dominateo by E ria ch n e  
M ucronata  and P o lyca rp a ea  g la h ra  can be seen on both t r a n s e c t s  t o  be 
'Coincident wi th  anomalous high copper  l e v e l s  in t he  s u r f a c e  s o i l  ( F i g s . 118
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FIGURE 122 P l a n t  s p e c i e s  f r e q u e n c y  d i s t r i b u t i o n  i n
r e l a t i o n  t o  s u r f a c e  s o i l  g e o c h e m i s t r y ,
r e l i e f  an d  g e o l o g y  a l o n g  t r a n s e c t  18
318
BLACK R O C K -PINNACLE NORTH  
GEO BO TA NY  T R A N S E C T  18
*  Eucalyptus terminalis 72 Acacia hemignosta a. Tephrosia purpurea var. axillaris 
O tuealyptus hrevijolia S  Acaeia phlehocarpa a  Terminalia aridicoia ^  Cassia heimsii
'^Eucalyptus arnHlacea 3  Acacia hidwillii o  Santalum lanceolatum
e  Eucalyptus papuanu V  Maytenus cunnintthaniii -ü Eremophila lon^ifolia
®  O q O q O  n
0 ®  a ° o °  
0 . 0 °
0  o °  0
0
A  A
a a A a  a
A
iJ L I
i .  . u  iiMJ
l _L




So. per II) metre quadrat
SHRUB LAYER




Crotalaria novae - hollandiae 





















 Inferred and concealed fault
Q  Acid volcanics containinu 
minor quartzite
[ ]  C opper hearing 
schists and shales
0  Calcareous sediments 
including pditk- schists 
and quart/ite hands
[U Lndifferentiated pelitk 
and psammitk schist 
with scapolite quart/ite
319
BLACK ROCK /  PINNACLES NORTH
PPM 
ORT ASH










C O P P E R  C O N T E N T  OF  P L A N T S
I EUCRLtPTUS AROILLACEA n u u j
l l L t i  2 J --------------- I — ! --------- Rm_____ L f J ______













U .iJL  - Jl.. «H 1 c S3 l l  =
j EUCALYPTUS BREVIFOLIA
i DünS c c
EUCALYPTUS BREVIFOLIA u.,ts
qOq 9 C ü
EUCALYPTUS
i h l  0
BREVIFOLIA
I
. . . . . . . . .  I  .
EUCALYPTUS TERMINALIS
EUCALYPTUS lER M lN AL lS
1 _______________




































FIGURE 123 The copper cont ent  o f  the p l a n t  t i s s u e  of  
s e l e c t e d  spec ies  sampled along t r a n s e c t  18 
in r e l a t i o n  to the geochemist ry o f  the sur face  
so i l
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FIGURE 124 The c oba l t  con t en t  o f  the p l a n t  t i s s u e  o f  
s e l e c t e d  spec ies  sampled along t r a n s e c t  18 
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FIGURE 125.  The zinc con t en t  o f  thp p l an t  t i s s u e  o f
s e l e c t e d  species  sampled along t r a n s e c t  18 
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FIGURE 126 The i ron con t en t  o f  the p l a n t  t i s s u e  o f
s e l e c t e d  spec ies  sampled along t r a n s e c t  18 
in r e l a t i o n  to the geochemist ry of  the sur face  
soi l
3 2 6






















































I R O N  C O N T E N T  OF  P L A N T S
TtPMROSIfl PURPUREA VAR. A X ILLAR IS
I I St  J L 1 I Ï 1 .  J L « ----------
TEPHRO.SIA PURPUREA VAR. A X ILLAR IS
i; n (1
SAn 'ALUM l a n c e o l a t u m
.  - 1 1 . .




D a u l m ' :  _______
PDLTCARPAEA CLABRA t . u iu  ««o no-i«s
n
POLTCARPAEA CLABRA «N3 i
I R O N  C O N T E N T  OF  S O I L














and 122).  Copper values  exceeding 14,000 ppm occur over  the mine ra l i zed  
outcrop of  s c h i s t  and sha le  but  decrease  sharp ly  where c o l l u v i a l  ma te r i a l  
covers ac i d  volcanic  rocks and ca l careous  sediments .  Much smal le r  
anomalous conce n t r a t i ons  of  coba l t  a l so  occur  in the su r face  s o i l s  of  the 
southern mine ra l i zed  outc rop.  Background t r e e  and shrub s p e c i e s ,  unable 
to t o l e r a t e  high l e v e l s  o f  copper  in the s o i l ,  cut  out  to be r eplaced by 
the i n d i c a t o r  shrub T e p h ro s ia  p u rpurea  v a r . a x i l l a r i s ^  w h i l s t  on the 
per iphe ry  o f  the geochemical anomaly,  E. t e r m in a l is  and Santalum  lanceolatum :, 
the more t o l e r a n t  background s p e c i e s ,  become prominent .
The anomalous p l a n t  community i s  comprised of  several  p l a n t  spec ies  
which vary in t h e i r  r e l a t i v e  d i s t r i b u t i o n  and dens i t y  (Fig.  127).  E riaohne  
m ucronata  a c c u r a t e l y  o u t l i n e s  the  mine ra l i zed  outcrop w h i l s t  P olycarpaea  
g la b ra  i s  concen t r a t ed  in t o  s ma l l e r ,  well  def ined a reas  where metal 
c o n c e n t r a t i ons  are  h igher .  T e p h ro s ia  pu rp u rea  v a r , a x i l l a r i s al though 
concen t r a t ed  in a reas  marginal  t o  the main p l a n t  community, exper i ences  a 
more widespread occur r ence ,  but  the dominance o f  t h i s  shrub between the 
two prominent  a r ea s  o f  EriacJm e m ucronata  sugges t s  a response to  anomalous 
metal conc e n t r a t i on s  wi th in  i t s  deeper  roo t i ng  zone w h i l s t  a t  the  same 
t ime lower c onc e n t r a t i ons  near  t he  su r face  enable sha l lower  roo t i ng  members 
o f  the  background vege t a t i on  to  surv ive .  S imi la r  per iphe ra l  c o n c e n t r a t i ons  
of  the woody shrub Santa lum  lœ ice o la tu m  sugges t  a wide t o l e r an ce  range 
f o r  t h i s  s p e c i e s .  F im b r i s t y l i s  sp . a f f .  F. d icho tom a  and B u lb o s ty l i s  
b a rb a ta  a l so  occur  wi th in  the p l a n t  community but  t h e i r  spar se  pe r iphe ra l  
d i s t r i b u t i o n  and very small form make mapping d i f f i c u l t .  The percentage 
o f  bare ground i n c r e a s e s  s u b s t a n t i a l l y  over  the  anomalous so i l  values  
(Figs .  118 and 122) and must provide a s i g n i f i c a n t  c o n t r i b u t i o n  to the 
unique blue green s i gna t u r e  o f  the anomalous p l a n t  community. On both 
t r a n s e c t s ,  a c t i v e  dra inage from the  r i d ge ,  a s s i s t i n g  chemical d i s p e r s i o n ,  
i s  r e s po n s ib l e  f o r  the  high so i l  metal  values  and d i s t r i b u t i o n  o f  
i n d i c a t o r  s pec i e s  o u t s i de  the main mi ne ra l i zed  zone.
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Comparison o f  the  s p e c t r a l  s i g n a t u r e  u n i t s  and f requency d i s t r i b u t i o n  
of  p l a n t  s pec i e s  along the two t r a n s e c t s  wi th t he  computer p r i n t - o u t  
h i s tograms showing the amounts of  copper ,  c o b a l t ,  z i n c ,  and i ron  in the  
p l a n t  t i s s u e  o f  t r e e ,  shrub,  gras s  and herb spec i e s  and in the  minus 80 
and minus 270 f r a c t i o n s  o f  the  suppor t ing  s o i l s  conf i rms the con t ro l  of  
t o x i c  l e v e l s  o f  copper  and t o  a minor e x t en t  c o b a l t  over  the mi ne r a l i zed  
zone where only P o lyca rp a ea  glahro.^ E riachne  m ucronata  and T e p h ro s ia  
p iœ purea  v a r . a x i l l a r i s t o g e t h e r  wi th F im b r i s t y l i s  sp . a f f .  F. d ich o to m a  
and B u l b o s t y l i s  b a rb a ta  are  ab l e  to surv ive  (Figs .  119,  120, 121 and 
123, 124,  125, 126).
The low copper  con t en t  in the  p l a n t  t i s s u e  of  E ria ch n e  m ucronata  
sugges t s  the  a b i l i t y  o f  t h i s  spec i es  t o  r e s i s t  the  uptake of  high metal 
c o n c e n t r a t i on s  wi th i n  the su r f ace  s o i l .  Nico l l s  e t  al (1965) sugges t  t h a t  
on the  Dugald River  lode t h i s  spec i e s  i s  unable to  r e s t r i c t  i t s  uptake 
of  copper  when growing in s o i l  where metal values  exceed 2,000 ppm. In 
t h i s  a r e a , however , E ria ch n e  mucronata:, and to a l e s s e r  degree o t h e r  
spec i e s  such as T r io d ia  pungens^  appear  capable o f  o pe r a t i ng  an exc l us i on  
mechanism r e s t r i c t i n g  copper  uptake in s o i l s  which have metal  c o n c e n t r a ­
t i o n s  well  in excess  o f  2,000 ppm and even over 10,000 ppm (Figs .  119 and 
123).
Samples o f  s u r f ace  s o i l  t aken along the two geochemical  t r a v e r s e s  
(Fig.  120) reveal  t h a t  over  the  southern e x t r e m i t i e s  o f  the anomalous 
p l a n t  community,  the  copper  anomaly i s  r e l a t i v e l y  low (Fig.  128) ,  w h i l s t  
to the n o r t h ,  su r f ace  so i l  values  are  high (Fig.  129).  The d i s t r i b u t i o n  
of  i n d i c a t o r  spec i e s  c l e a r l y  r e f l e c t s  t he se  changes in so i l  geochemis t ry 
(Fig.  127) .  A sporad ic  d i s t r i b u t i o n  of  E ria ch n e  nrucronata  and T e p h ro s ia  
p u rp u rea  v a r . a x i l l a r i s  in the  south r e f l e c t s  only the weak and imminent 
t e rmi n a t i o n  of  anomalous c o n c e n t r a t i o n s  o f  copper in the su r f ace  so i l
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over the  mi nera l i zed  zone.  To the n o r t h ,  P o ly c æ ‘paea g la b ra  i s  prominent  
over high conce n t r a t i ons  o f  dominant ly copper ,  but  a l so  to  a l e s s e r  degree 
i r on ,  c o b a l t  and z inc  in the sur face  s o i l ,  sugges t ing the probable 
con t i nua t i on  of  the  mi ne ra l i zed  zone which was l a t e r  confi rmed by the 
d i scovery  o f  mining a c t i v i t y  a t  several  s i t e s  some ki lomet res  nor th  along 
the r i dge  where copper  ores  were found.
In cons i de r i ng  the envi ronmental  parameters  c o n t r i b u t i ng  to  the 
d i s t r i b u t i o n  o f  spe c t r a l  s igna t u r e s  and vege t a t i on  u n i t s ,  i t  i s  s i g n i f i c a n t  
t h a t  a unique s p e c t r a l  s i gna t u r e  on f a l s e  colour  i n f r a - r e d  imagery i s  
produced by a c h a r a c t e r i s t i c  p l a n t  assemblage a s s oc i a t ed  wi th a d i s t i n c t  
anomalous conce n t r a t i on  o f  copper  in the su r face  so i l  over  mi ne ra l i zed  
bedrock.  Another  s i g n i f i c a n t  cont rol  in p l an t  d i s t r i b u t i o n  i s  so i l  
mois ture  which i s  c l o s e l y  c o n t r o l l e d  by the na t ure  and p r o f i l e  c h a r a c t e r ­
i s t i c s  o f  the so i l  i t s e l f .  The deeper  s o i l s  tend to  have higher  c l ay  
c o n t e n t s ,  r e t a i n i n g  mois ture  f o r  g r e a t e r  pe r iods .  Consequent ly they 
form the  most f avourab l e  a reas  f o r  p l a n t  growth.  The s o f t e r  ca l ca reous  
sediments  o f  the  e a s t e r n  lowlands have been more r e a d i l y  eroded and 
deeper  a r i d  red e a r t h  so i l  p r o f i l e s  developed,  forming f avourabl e  h a b i t a t s  
f o r  such s o f t  gras s  spec i es  as E riachne d o m in ii ,  Sporoho lus a u s tr a la s ic u s  
and Enneapogon p o ly p h y l lu s  which in turn produce high i n f r a - r e d  r e f l e c t i n g ,  
red toned s pe c t r a l  s i g n a t u r e s .  These areas  c o n t r a s t  to  the  sandy,  moi s ture  
d e f i c i e n t ,  t h i n  s k e l e t a l  s o i l s  o f  the west ,  where low i n f r a - r e d  r e f l e c t i o n  
from the dominant T r io d ia  pungens  grass  spec ies  produces blue green 
s i g na t u r e s .  Geological  cont rol  of  soi l  composi t ion wi thin  the  frame area 
i s  t h e r e f o r e  an impor tant  f a c t o r  in s pec t r a l  s i gna t u r e  and p l a n t  
d i s t r i b u t i o n .
8 . 1 . 3  Qua n t i t ^  ive microdensi tomer  i n t e r p r e t a t i o n  o f  the  mul t i  s pec t r a l  
photogr aphy
The microdens i tometer  machine a na l ys i s  of  the mul t i  s pe c t r a l  photography
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a t t empt s  to  au t oma t i ca l l y  c l a s s i f y  su r face  t e r r a i n  f e a t u r e s ,  such as 
vege t a t i on  a s s o c i a t i o n s ,  s o i l  and rock t ypes ,  and to  determine the  e x t en t  
to  which the r e s u l t i n g  c a t e go r i e s  agree wi th those deduced from vi sual  
and ground t r u t h  s t u d i e s .  The l a rge  number and varying p ropor t i on  of  
o f t en  i n t e r r e l a t e d  vegccat ion u n i t s  and d i f f i c u l t y  of  ob t a i n i ng  
informat ion over an area wi th the  same degree of d e t a i l  and r e s o l u t i o n ,  
m i l i t a t e d  a g a i n s t  a superv i sed  l e a r n i ng  technique ( i . e .  where a n a l y s i s  
i s  programmed to  r ecogni se  c l a s s e s  such as water ,  veget a ted  s u r f a c e s ,  
bare ground e t c . }  where r e s u l t s  depend c r i t i c a l l y  upon the q u a l i t y  of  the 
data  and how r e p r e s e n t a t i v e  they are  f o r  the t r a i n i n g  s i t e s .
The t r a n s e c t  l i n e s  a re  scanned on a l l  f our  f i l ms ,  the  two co l our  f i lms
being scanned t h r e e  t imes each with f i l t e r s  cor responding to  the  pr imary
co l ou r s .  Each p i c t u r e  element  along the scan l i n e ,  cor responding to 
2
an a rea  o f  Im on the ground,  i s  c h a r a c t e r i s e d  by the op t i ca l  d en s i t y  in 
each of  the  e i g h t  s pec t r a l  bands which can be i n d i v i d u a l l y  graphed and 
t r e a t e d  as or thogonal  vec t o r s  f o r  f u r t h e r  computer s t a t i s t i c a l  c l u s t e r i n g  
a n a l y s i s  us ing a h e i r a r c h i c a l  fus ion  r ou t i ne .
The scan l i n e s  f o r  t r a n s e c t  12 (Figs .  130, 131 and 132) ,  wi th a t e n ­
fo l d  ma gn i f i ca t i on  f o r  c l a r i f i c a t i o n  of  d e t a i l ,  thus  reveal  the  magnitude 
and f requency of  ground s u r f ace  tonal  changes in each s pe c t r a l  band.
High r e f l e c t i o n  and consequent  l i g h t e r  tones  in each band occur  towards 
the top o f  t he  s c a l e ,  poor r e f l e c t i o n  and dark tones a t  the bottom.
Visual  c o r r e l a t i o n  between t h i s  pure ly  spec t r a l  i n format ion ,  p h o t o i n t e r ­
p r e t a t i o n  u n i t s  and recogni sed ground s ur face  ca t eg o r i e s  produces many 
d i f f i c u l t i e s .  Spect ra l  u n i t s ,  r ecogni sed by p h o t o i n t e r p r e t a t i o n  and 
r e f l e c t i n g  ground cond i t i ons  a r e  complex and may t o t a l  over  t h i r t y  
d i f f e r e n t  types  per  f rame,  each u n i t  in a dd i t i on  poss i b ly  c o n s i s t i n g  of  
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informat ion in conjunct ion  wi th s pe c t r a l  data  whereas the machine i s  only 
able  to employ the l a t t e r ,  r e p r e s e n t i ng  a very s i g n i f i c a n t  r educ t i on  in 
informat ion con t en t .  For example,  many i n t ense  v a r i a t i o n s  o f  response 
r e l a t e  on the graphs to the sampling o f  t r e e  crowns with high r e f l e c t a n c e  
and the  low r e f l e c t a n c e  of  t h e i r  shadows. Simi lar  v a r i a t i o n s  e x i s t  between 
the sampling o f  vege t a t i on  and o t h e r  s u r faces  such as bare rock and 
s o i l .  Consequent ly only s imple c o r r e l a t i o n s  are  pos s i b l e  between the 
microdens i tomete r  s pec t r a l  scan l i ne  data and recogni sed ground sur f ace  
u n i t s .
The scan l i n e s  o f  the r ed ,  blue and green l a ye r s  of  the f a l s e  colour  
f i l m ( r e p r es en t i ng  i n f r a - r e d ,  green and red r e f l e c t i o n  r e s p e c t i v e l y  from 
ground s u r f a c e ) ,  when superimposed (Fig.  130) e x h i b i t  a s i m i l a r  f requency 
of  tonal  v a r i a t i o n .  The i n f r a - r e d  l ay e r  e x h i b i t s  the  g r e a t e s t  v a r i a t i o n s  
in magnitude of  f requency and consequent  v a r i a t i o n  o f  t one ,  w h i l s t  the 
blue l a y e r  has r e l a t i v e l y  high values  and uniform v a r i a t i o n  i n d i c a t i v e  
of  the predominance o f  r e l a t i v e l y  uniform blue tones  wi th in  the  scan 
a rea .  The prominent  T r io d ia  pungens blue toned s pec t r a l  u n i t s  occur r ing  
along t r a n s e c t  12 are  dominant in the superimposed scan l i n e  data 
(Fig.  130).  High i n f r a - r e d  r e f l e c t i o n  peaks in the west  are  r e l a t e d  to 
the  l i g h t  t oned,  wh i t i s h  blue s i gna t u r e  produced by bare ground covered 
with s u r f ace  q u a r t z i t e  and quar t z  rubble .  The geobotanica l  anomaly,  marxod 
on Fig.  130, i s  r evea l ed  by a d i s t i n c t  peak of  r e l a t i v e l y  low i n f r a - r e d  and 
red (green l a ye r )  r e f l e c t i o n  and high green (blue l aye r )  r e f l e c t i o n .  
Comparat ively equal  and uniform r e f l e c t i o n  however,  between the  i n f r a - r e d  
and blue bands marks the  anomaly in c o n t r a s t  to  the  ad j acen t  v a r i a b l e  
r e f l e c t i o n  c h a r a c t e r i s t i c s  of  t he  T r io d ia  pungens  dominated a r e a s .  To 
the  e a s t  of  t he  anomaly anot her  region of  high i n f r a - r e d  r e f l e c t a n c e  peaks 
i s  r e l a t e d  to the  occurrence o f  q u a r t z i t e  rubble between T r io d ia  pungens  
clumps.  The othe rwi se  v a r i a b l e  p a t t e r n s  o f  the  superimposed graphs are  
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s p e c t r a l  u n i t s .  I n f r a - r e d  r e f l e c t i o n  peaks va ry  in acco r da nce  t o  sampl ing 
p o i n t s ,  d e n s e l y  v e g e t a t e d  and shadow a r e a s  pr oducing dark low v a l u e s  and 
t r e e  crowns o r  shrub communi t i es  l i g h t ,  high v a l u e s .
The super imposed scan l i n e s  of  t h e  t r u e  c o l o u r  g r ee n ,  r ed  and bl ue  
l a y e r s  ( F ig .  131) r evea l  a l ower  magni tude  and s i mp l e r  f r e q u e n c y  p a t t e r n  
o f  t ona l  v a r i a t i o n ,  i n d i c a t i n g  t he  s u p e r i o r i t y  o f  f a l s e  c o l o u r  i n f r a - r e d  
f i l m  f o r  t ona l  d i s c r i m i n a t i o n  o f  ground s u r f a c e  v e g e t a t i o n  and r e l a t e d  
phenomena.  The t r u e  c o l o u r  s p e c t r a l  bands e x h i b i t  a s i m i l a r  r e f l e c t a n c e  
p a t t e r n  t o  t he  i n f r a - r e d  c o l o u r  f i l m  wi th  h i g h e r  va l ue s  in t h e  g reen  band,  
i n d i c a t i v e  o f  t h e  o v e r a l l  g reen t oned s p e c t r a l  u n i t s  found on t h i s  f i l m  
t y p e ,  a l t h o u g h  t ona l  v a r i a t i o n s  a r e  much s ma l l e r  and s i m p l e r  compared t o  
t he  i n f r a - r e d  r e f l e c t a n c e  band.  The blue  and green bands show a ve ry  
s i m i l a r  r e f l e c t a n c e  p a t t e r n  bu t  d i f f e r e n c e s  in t h e  r ed  band p r obab l y  
i n d i c a t e  s e n s i t i v i t y  t o  a r e a s  o f  bare  s o i l  r a t h e r  t han v e g e t a t i o n .  Uniform 
r e f l e c t a n c e  peaks  (Fig .  13 ) ,  h i g h e s t  in t he  green and f o l l owed  by t h e  b l ue  
and r e d ,  s i g n i f i c a n t l y  d i f f e r e n t i a t e  t h e  g e obo t a n i ca l  anomaly from t h e  
more v a r i a b l e  r e f l e c t i o n  c h a r a c t e r i s t i c s  in a l l  t h r e e  bands o f  t he  
a d j a c e n t  T rio d ia  pungens dominated a r e a s .
The two super imposed scan l i n e s  f o r  t he  green and ye l l ow f i l t e r s  on 
t he  panchromat i c  imagery ( F i g .  132) a l s o  rev/eal a s i m i l a r  ' r e f l e c t a n c e  
p a t t e r n ,  e x c e p t  t h a t  t he  g raphs  a r e  i n v e r t e d  due t o  t he  s canni ng  being 
c a r r i e d  ou t  on f i l m  n e g a t i v e s .  A wide range o f  magni tude  in t ona l  
v a r i a t i o n s  e x i s t s  f o r  both f i l m - f i l t e r  combi na t i ons  wi t h  h i g h e r  r e f l e c t a n c e  
v a l ue s  being r ec o r de d  on t h e  panchromat i c  f i l m  wi t h  a ye l l o w f i l t e r .  The 
green f i l t e r  r e c o r d s  r e f l e c t e d  green l i g h t  dominant l y  a s s o c i a t e d  wi t h  
v e g e t a t i o n ,  w h i l s t  t he  y e l l o w  f i l t e r  w i l l  a l l ow r e f l e c t e d  green  and red 
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The s p e c t r a l  i n f o r ma t i o n  given f o r  t r a n s e c t  12 in F i gs .  130,  131 and 
132 r e v e a l s  t he  s u p e r i o r i t y  o f  c o l o u r  i n f r a - r e d  f i l m f o r  t ona l  d i s c r i m i n a t i o n  
o f  ground phenomena.  Al though on l y  broad c o r r e l a t i o n s  can be made between 
t he  s p e c t r a l  da t a  and r e c o g n i s e d  ground s u r f a c e  u n i t s ,  i t  i s  s i g n i f i c a n t  
t h a t  p u r e l y  on t h e  b a s i s  o f  s p e c t r a l  da t a  a lone  i t  i s  p o s s i b l e  t o  d i s t i n g u i s h  
t he  g e o b o t a n i ca l  anomaly and promi nent  a r e a s  o f  ba re  ground from background 
a r e a s  dominated by T rio d ia  pungens.  Fu r t h e r  computer  s t a t i s t i c a l  c l u s t e r i n g  
a n a l y s i s  o f  t he  s p e c t r a l  scan l i n e  da t a  and t he  p r o d u c t i o n  o f  p r i n t - o u t s  
c l a s s i f y i n g  whole f rame a r e a s  holds  c o n s i d e r a b l e  promise (Owen-Jones 1974) .  
However i t  seems l i k e l y  t h a t  such machine a n a l y s i s  wi l l  f o r  a long t ime be 
complementary t o  human i n t e r p r e t a t i o n , as  t he  s p a t i a l  s t r u c t u r e  o f  even 
t h e  g r o s s e r  c a t e g o r i e s  produced by c l u s t e r  a n a l y s i s  i s  complex,  and when 
us i ng  t one  a l o n e ,  t h i s  r e s u l t s  in a r e l a t i v e l y  poor  s i g n a l - t o - n o i s e  
r a t i o  which in t u r n  imposes a l i m i t  on t he  maximum number o f  groups  which 
can be p h y s i c a l l y  i n t e r p r e t e d .
8 . 2  The Lady Vera a r ea
Nor th e a s t  o f  Mary Kathleen ( F i g .  9 ) ,  m i n e r a l i z e d  bedrock was 
de t e r mi ned  from an exami na t i on  o f  t he  c o l o u r  i n f r a - r e d  pho t ography and 
s ubs eque n t  ground i n v e s t i g a t i o n s  t o  ex t end  south  wes t  of  t he  Lady Vera 
copper  mine.  Wi thin t h i s  d i v e r s e  a r e a  s t u o i e d  on t h e  c o l o u r  i n f r a - r e d  
phot ography  t he  l and r i s e s  t o  t he  n o r t h  and wes t  o f  t he  Corel  l a  Ri ver  
i n t o  a s e r i e s  o f  s t e e p ,  rocky r i d g e s ,  formed uy ou t c r opp i ng  c a l c - s i l i c a t e  
be d r oc k ,  and rounded h i l l s  c h a r a c t e r i s e d  by deep ly  i n c i s e d  d r a i n a g e  
c h a n n e l s .  In c o n t r a s t ,  r e l a t i v e l y  l e v e l  ground,  broken on l y  by r e s i s t a n t  
rock o u t c r o p s ,  t o  t he  sou th  o f  t he  major  r i v e r  t r i b u L o r i e s ,  forms p a r t  o f  
t he  e x t e n s i v e  Corel  l a  Ri ve r  f l o o d p l a i n .
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8 . 2 . 1  I n t e r p r e t a t i o n  o f  t he s p e c t r a l  s i g n a t u r e s  r ec ogn i s e d  on t he  
f a l s e  c o l o u r  i n f r a - r e d  photography
South wes t  o f  t he  Lady Vera mine,  a smal l  but  c l e a r l y  d e f i n e d  s p e c t r a l  
s i g n a t u r e  was i d e n t i f i e d  on t he  c o l o u r  i n f r a - r e d  photography as  be ing 
s i m i l a r  t o  t h a t  r ec o g n i s e d  over  t he  Black Rock - P i nna c l e  l ode  zone and 
over  m i n e r a l i z e d  bedrock in t he  Dugald River  r eg i o n .  Subsequent  f i e l d  
i n v e s t i g a t i o n s  conf i rmed t h a t  t h e  s i g n a t u r e  was produced by t h e  wi de l y  
spaced Eriachne mucronata g r a s s  accompanied by s ma l l e r  c o n c e n t r a t i o n s  o f  
dwarf  forms o f  Eolycargaea g labra wi t h  t he  s ma l l ,  brown sedges  B u lb o s ty l is  
barbata and F im b r is ty l i s  sp. a f f .  f .  dichotoma becoming dominant  a t  t he  
p e r i p h e r y .  The blue  green s i g n a t u r e  o f  t h i s  anomalous p l a n t  community,  
devoid o f  t r e e s  o r  s h r u b s ,  i s  c o i n c i d e n t  wi t h  t he  ou t c r op  o f  copper  
be a r i n g  l imy c a l c - s i l i c a t e  rocks  which a r e  covered by s k e l e t a l ,  r e d ,  
sandy c l a y  loam s o i l s .
The a d d i t i o n a l  s p e c t r a l  s i g n a t u r e  u n i t s  d i s t i n g u i s h e d  w i t h i n  t he  
f rame a r e a  a r e  shown in F i g ,  133.  To t he  n o r t h  wes t  o f  t he  anomalous 
p l a n t  community,  E?tneapogon po lyph y llu s i s  dominant  on t h e  h i l l  s l o p e s  
produci ng  t he  main red pu r p l e  e l ement  in t he  combined s i g n a t u r e  u n i t s  and 
a l s o  forming a component  o f  s p e c t r a l  u n i t s  5 ,  6,  11 and 30.  Other  s p e c i e s  
c o n t r i b u t i n g  t o  t h e  high i n f r a - r e d  r e f l e c t i n g  s i g n a t u r e  e l emen t s  o f  t h i s  
a r e a  i n c l u d e  Sporobolus a u s tra la s ic u s ( v i o l e t  87D and g r e y i s h  pu r p l e  I 8 6 0 ) ,  
A r is t i d a  cojitorta. ( r ed  pu r p l e  620) ,  Eriachne dominii ( v i o l e t  850 s p e c t r a l  
u n i t  39 ) ,  and Cenchrus p en n ise t i fo rm is ( r ed  pu r p l e  620) .  Chrysopogon 
j a l l a x  ( v i o l e t  870) i s  more prominent  on t he  lower  s l o p e s ,  a d j a c e n t  t o  t he  
r i v e r  and a l s o  o c c u r s  wi t h  Themeda a u s t r a l i s ( r ed  p u r p l e  740) and 
Bothriochloa ewartiana ( pu r p l e  v i o l e t  820) in sha l l ow d r a i n a g e  c o u r s e s .  
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puyigens on t h e s e  s l o p e s  g i ves  r i s e  t o  t he  combined r ed  p u r p l e  and blue  
green s i g n a t u r e  o f  s p e c t r a l  u n i t  11.
The rugged t e r r a i n  o f  t he  n o r t h  i s  c h a r a c t e r i s e d  by d a r k e r  b l ue  green 
s p e c t r a l  s i g n a t u r e s  produced by T riod ia  pungens ( s p e c t r a l  u n i t s  9,  10,  12 
14 and 15) and a s p a r s e  d i s t r i b u t i o n  o f  t h i s  s p e c i e s  ove r  ba re  rock and 
s o i l  ( s p e c t r a l  u n i t s  19 + 10,  1 9 + 9  and 16 + 10) .  Less f r e q u e n t l y ,  on 
l eve l  i n t e r f l u v e s  wi t h  d e e p e r ,  sandy s o i l s ,  combined Enneapogon p o lyp h y llu s  
and Sporobolus a u s tra la s ic u s may a l s o  be p r e s e n t ,  p r oduci ng  a g r e y i s h  
pu r p l e  ( I860)  s i g n a t u r e  e l ement  as  in s p e c t r a l  u n i t  9 + 6 .  Areas  o f  
i n t e n s e  g u l l y i n g  and s m a l l e r  d r a i na g e  l i n e s  produce t he  d a r k e r  b l ue  T riod ia  
pungens s i g n a t u r e s  e v i d e n t  in s p e c t r a l  u n i t  14,  w h i l s t  a v a r i e d  shrub 
l a y e r  in combi na t i on  wi t h  t h i s  s p e c i e s  i s  r eco r ded  by s p e c t r a l  u n i t  15.
The blue  green and whi t e  s i g n a t u r e s  produced by bare  ground ( s p e c t r a l  u n i t s  
16 and 17) and rock o u t c r o p s  ( s p e c t r a l  u n i t  19) occur  as  d i s c r e t e  s p e c t r a l  
u n i t s  ove r  rock o u t c r o p s  o f  dominan t l y  q u a r t z i t e  in t he  wes t  and c a l c -  
s i l  i c a t e s  in t h e  n o r t h ,  bu t  more commonly as component  t ona l  e l e men t s  in 
many combined s p e c t r a l  s i g n a t u r e  u n i t s .
The v a r i e d  s o i l s  o f  t he  f l o o d p l a i n  a r e a ,  t o  t he  sou th  o f  t he  r i v e r  
sys t em,  g i ve  r i s e  t o  a wide r ange o f  p l a n t  communi t i es .  I mmedia te ly  t o  t he  
wes t  o f  t h e  anomalous p l a n t  community,  on a smal l  a r e a  o f  f i n e  a l l u v i a l  
c l a y ,  t h e  g r a s s  s p e c i e s  Sporobolus a u s tra la s ic u s produces  a c o n t r a s t i n g  
v i o l e t  s i g n a t u r e  ( s p e c t r a l  u n i t  2 ) .  S i m i l a r  f i n e  a l l u v i a l  s o i l s  form 
f a v o u r a b l e  h a b i t a t s  f o r  a v a r i e t y  o f  g r a s s  s p e c i e s  t o  occur  t h r o u g h o u t  
t h i s  l owland a r e a ,  as  in t he  n o r t h ,  where Sporobolus a u s tra la s ic u s  
combines wi t h  Eriachne domiyiii t o  produce a v i o l e t  (85D) s i g n a t u r e  
component  ( s p e c t r a l  u n i t  29) in t he  combined s i g n a t u r e s  o f  t h e  i d e n t i f i e d  
s p e c t r a l  u n i t s .  Other  g r a s s  s p e c i e s  making up t he  s i g n a t u r e  u n i t s  i n c l u d e  
Enneapogon p o ly p h y llu s and A ris tida . co n to r ta ( r ed  pu r p l e  62D + 680) in
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s p e c t r a l  u n i t  30;  E u la l ia  fulva^ Themeda au s tvod is and Sehirna nervosum 
( r e d  pu r p l e  740) in s p e c t r a l  u n i t  46;  Chrysopogon f a l l a x  ( v i o l e t  870) 
i n s p e c t r a l  u n i t  26;  Sporobolus actinocladus^ Chloris  p e c t in a ta and 
Ise ilem a  niacratherum in t h e  b l ue  green (121B + 1230) s i g n a t u r e s  o f  b l ack  
s o i l  c l a y  d e p r e s s i o n s  ( s p e c t r a l  u n i t  27) ;  and nea r  t he  r i v e r  Cenchrus 
p e n n ise t i fo rm is ( r ed  pu r p l e  620) in s p e c t r a l  u n i t  24.
On a r e a s  o f  domi nan t l y  l a t e r i t i c  g r a v e l ,  t h e  Acacia cœnhagei 
a s s o c i a t i o n ,  wi t h  a s p a r s e  ground l a y e r  o f  Do.ctylocteniwn radulans and 
Sporobolus a c t in o c la d u s  ^ p roduces  a s p e c t r a l  u n i t  o f  mai n ly  v i o l e t  (840) 
and pu r p l e  (780) s i g n a t u r e  t o n e s  ( s p e c t r a l  u n i t  34) .  On low rounded h i l l s ,  
wi t h  sandy c l a y  loams ove r  n e a r  s u r f a c e  l imy c a l c - s i l i c a t e  bed rock .
Acacia ch ish o lm ii occur s  as  a ve ry  dense  shrub l a y e r  benea t h  which T rio d ia  
pungens forms a s p a r s e  ground l a y e r .  Toge t he r  wi t h  Eucalyptus spp. t h i s  
combi na t i on  o f  s p e c i e s  pr oduces  r ed  pu r p l e  ( 620) ,  v i o l e t  (868)  and v i o l e t  
bl ue  (940) s i g n a t u r e s  r ec o r de d  in s p e c t r a l  u n i t  45.  Where t h i n  s k e l e t a l  
s o i l s  a r e  deve loped  ove r  c a l c - s i l i c a t e  r o c k s ,  t h e  b l ue  green s p e c t r a l  
s i g n a t u r e s  o f  T rio d ia  pungeiis a r e  combined wi t h  t he  r ed  p u r p l e  o f  
Enneapogon p o lyp h y llu s in s p e c t r a l  u n i t  11.  To t he  wes t  o f  t he  anomalous 
p l a n t  community,  a d a r k e r  b l ue  green s i g n a t u r e  i s  produced by t he  
combi na t i on  o f  ba re  q u a r t z i t e  o u t c r op  and T rio d ia  pungens ( s p e c t r a l  
u n i t  8 + 19) a d j a c e n t  t o  the r i v e r .
Within t he  f l o o d p l a i n  e nv i r onmen t ,  bare  a l l u v i a l  c l a y  s o i l s  f r e q u e n t l y  
produce a w h i t i s n  s p e c t r a l  s i g n a t u r e  ( s p e c t r a l  u n i t  16 ) ,  as  seen in t he  
abandoned r i v e r  channel  in t he  c e n t r e  o f  t he  f rame.  Bare ground deve loped  
on s t o n y  s o i l ,  due t o  n e a r  s u r f a c e  bedrock and s u r f a c e  q u a r t z i t e  r u b b l e ,  
produces  t he  l i g h t  blue  green (121C) s i g n a t u r e  o f  s p e c t r a l  u n i t  17.  Both 
t h e s e  ba re  ground s p e c t r a l  s i g n a t u r e s  occur  e x t e n s i v e l y  in combined s p e c t r a l  
u n i t s  w i t h i n  t h i s  a r e a .  The main t r i b u t a r y  branches  o f  t h e  C o r e l l a  R i v e r ,
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dominated by t r e e  canop i e s  o f  Eucalyptus cam uldulensis, T r is tm i ia  grœ iddflova  
and Melaleuca s pp . , produce a mai n ly  red pu r p l e  (58C) s i g n a t u r e  ( s p e c t r a l  
u n i t  20) .
8 . 2 . 2  I n t e r p r e t a t i o n  o f  t he  d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  and 
v e g e t a t i o n  u n i t s  i n r e l a t i o n  t o  envi ronmenta l  pa r a me t e r s
The f r e que nc y  d i s t r i b u t i o n  o f  p l a n t  s p e c i e s  a long t r a n s e c t  17 
e l a b o r a t e s  t he  compos i t i on  o f  t h e  p l a n t  cover  c o n t r i b u t i n g  t o  t he  s p e c t r a l  
s i g n a t u r e s  and in p a r t i c u l a r  r e v e a l s  t h a t  r ep l acement  o f  Enneapogon 
poliyphyllus dominated background a s s o c i a t i o n s  by the  Eriachne mucronata^ 
Polycarpaea glabra^ B u lb o s ty l i s  barbata;, F im b r is ty l i s  sp, af f .  F. dichotoma  
p l a n t  community i s  c o i n c i d e n t  wi t h  anomalous c o n c e n t r a t i o n s  o f  copper  and 
t o  a l e s s e r  deg ree  z i n c  in t h e  s u r f a c e  s o i l s  ( F ig ,  134) .  Copper v a l u e s  
exceed i ng  8 , 500  ppm and z i n c  v a l ue s  220 ppm, over  t he  s u r f a c e  s o i l s  o f  
t he  m i n e r a l i z e d  1 imy c a l c - s i l i c a t e  bedrock ,  de c r e a s e  q u i t e  s h a r p l y  where 
r e s i d u a l  m a t e r i a l  cove r s  u n d i f f e r e n t i a t e d  l ami na t ed  q u a r t z i t e ,  l i me s t o n e  
and c a l c a r e o u s  g r a n o f e l s .
The blue  green s p e c t r a l  s i g n a t u r e  o f  t h e  anomalous p l a n t  community 
i s  o f t e n  compr i sed o f  domi nan t l y  B u lb o s ty l is  barbata and F im b r is ty l i s  sp. 
af f .  F. dichotom.a which,  due t o  t h e i r  a b i l i t y  t o  t o l e r a t e  t o x i c  c o n d i t i o n s ,  
oc c u r  as  p i o n e e r  p l a n t s  w i t h i n  t he  a r e a  o f  t he  geochemical  anomaly.  These 
s p e c i e s  a r e  p a r t i c u l a r l y  prominent  over  r e l a t i v e l y  ba re  ground on t h e  wes t  
o f  t he  l ode  zone where lower  c o n c e n t r a t i o n s  o f  copper  in t he  s u r f a c e  s o i l  
s u p p o r t  on l y  a s p a r s e  d i s t r i b u t i o n  o f  Eriachne mucronata, a l t hough  s o i l  
t o x i c i t y  i s  t oo  high f o r  most  background s p e c i e s  to oc c ur .  The two sedges  
a r e  c o n s eq u e n t l y  a b l e  to t h r i v e  in such an a r e a  o f  r educed p l a n t  s p e c i e s  
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FIGURE 134 P l a n t  s p e c i e s  f r equency d i s t r i b u t i o n  in
r e l a t i o n  to s u r f a c e  s o i l  geochemis t ry ,  r e l i e f  
and geology a long t r a n s e c t  17
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FIGURE 135 The copper  conte i r t  o f  t he  p l a n t  t i s s u e  of  
s e l e c t e d  s p e c i e s  sampled a long t r a n s e c t  17 
in r e l a t i o n  to the  geochemi s t r y  o f  t h e  s u r f a c e  
s o i l
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FIGURE 136 The z inc  c o n t e n t  o f  t he  p l a n t  t i s s u e  o f  s e l e c t e d  
s pe c i e ?  sampled a long  t r a n s e c t  17 in r e l a t i o n  to 
the  geochemi s t ry  o f  the  s u r f a c e  s o i l
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FIGURE 137 The i ron  c o n t e n t  o f  t he  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c i e s  sampled a long t r a n s e c t  17 in r e l a t i o n  to 
t he  geochemi s t ry  o f  t he  s u r f a c e  s o i l
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The c h a r a c t e r i s t i c  v i o l e t  s i g n a t u r e  o f  Sporobolus ca is tra la sicu s i s  
a b r u p t l y  t e r m i n a t e d  where t h e  s p e c i e s  c u t s  out  when c o n c e n t r a t i o n s  o f  
copper  in t he  s u r f a c e  s o i l  exceed about  1 ,500 ppm. Enneapogon p o ly p h y llu s  
however ,  w i t h i n  t h i s  e nv i r onmen t ,  i s  a b l e  t o  t o l e r a t e  q u i t e  h igh l e v e l s  o f  
copper  i n  t he  s u r f a c e  s o i l  and on l y  c u t s  ou t  where c o n c e n t r a t i o n s  exceed 
4 ,000  ppm. Cons e que n t l y ,  on t he  p e r i p h e r y  o f  t he  l ode  zone ,  t h i s  p l a n t  i s  
a s u b s i d i a r y  s p e c i e s  t o  t h e  i n d i c a t o r  p l a n t s  and t he  unique  b l ue  green 
s i g n a t u r e  o f  t he  anomalous p l a n t  assemblage  f r e q u e n t l y  becomes l e s s  d i s t i n c t  
a g a i n s t  t h e  a d j a c e n t  b l ue  green  s i g n a t u r e s  where Enneapogon p o ly p h y llu s  
i s  s p a r s e l y  d i s t r i b u t e d  ove r  dominan t l y  ba re  ground.  Eucahjptus te vm in a l is  
and Acacia c h ish o lm ii , u n l i k e  most  o t h e r  t r e e  and shrub s p e c i e s ,  oc c u r  
a d j a c e n t  t o  t h e  m i n e r a l i z e d  zone ,  w i t h s t a n d i n g  q u i t e  high c o n c e n t r a t i o n s  o f  
copper  in t he  s u r f a c e  s o i l  and on l y  c u t  ou t  where s o i l  v a l u e s  a r e  in e xc es s  
o f  5 , 000  ppm. The c o n c e n t r a t i o n  o f  Acacia ch isho lm ii in an a r e a  a d j a c e n t  
t o  t he  e a s t e r n  margin o f  t h e  l ode  zone a ppear s  t o  c o i n c i d e  wi t h  a g e o l o g i c a l  
t r a n s p o s i t i o n  t o  u n d i f f e r e n t i a t e d  c a l c a r e o u s  s ed i men t s .
The p l a n t  f r e que nc y  d i s t r i b u t i o n  ( Fig .  134) a l s o  c onf i r ms  t h a t  wes t  o f  
t he  l ode  zone ,  t he  dark bl ue  s i g n a t u r e  o f  s p e c t r a l  u n i t  8 r e p l a c i n g  t he  
v i o l e t  and pink s i g n a t u r e s  o f  En?ieccpogon polyphyllus^ Sporobolus 
a u s tra la s ic u s and A r is t i d a  co n to r ta , co r r e s ponds  t o  a dense  cove r  o f  
T rio d ia  pungens growing ove r  q u a r t z i t e  where t he  s o i l s  a r e  t h i n n e r  and 
more a c i d i c .  P l a n t  r e c o r d i n g ,  unde r t a ken  in 1972,  r e v e a l s  t h a t  t he  
compos i t i on  o f  s p e c i e s ,  whose r e f l e c t a n c e  dominant l y  compr i ses  t he  
r e c o g n i s e d  s p e c t r a l  s i g n a t u r e  u n i t s ,  has s l i g h t l y  changed s i n c e  t he  t ime  
t he  imagery was f lown.  West o f  t he  anomalous p l a n t  community,  Sporobolus  
a u s tr a la s ic u s has been domi nan t l y  r e p l a c e d  by Enneapogon p o lyp h y llu s and 
A r is t i d a  contoi^ta and t o  t h e  e a s t ,  b e s i d e s  Enneapogon polyphyllus^ t h e  
g r a s s  s p e c i e s  Eriachne dorniniiy Sporobolus a u s tr a ia s i  eus y A r i s t i d a  co n to r ta  
and Tragus au s tra lian u s a l l  c o n t r i b u t e  t o  t he  r ed pu r p l e  t ona l  e l e men t s  ' /
353
compr i s i ng  t h e  combined s i g n a t u r e .  Eucalyptus o r g i l la c e a .  Acacia c h ish o lm ii , 
T riod ia  pungens  ^ and t he  q u a r t z i t e  on which t hey  oc c u r ,  a r e  seen to  
c o r r e l a t e  wi t h  t he  b lue  green combined s i g n a t u r e  o f  s p e c t r a l  u n i t  8 + 19,  
w h i l s t  t h e  promi nent  band o f  Acacia ch isho lm ii t o  t he  e a s t  o f  t he  l o d e ,  
c o r r e s ponds  t o  t h e  red pu r p l e  and v i o l e t  s i g n a t u r e  of  s p e c t r a l  u n i t  45.
Comparison o f  t he  s p e c t r a l  s i g n a t u r e  u n i t s  and f r e que nc y  d i s t r i b u t i o n  
o f  p l a n t  s p e c i e s  a long t r a n s e c t  17 wi t h  t he  computer  p r i n t - o u t  h i s t og r a ms  
showing t h e  amounts o f  c oppe r ,  z i n c  and i r on  in t he  p l a n t  t i s s u e s  o f  t r e e ,  
shrub and herb s p e c i e s  and in t he  minus 80 and minus 270 f r a c t i o n s  o f  t he  
s u p p o r t i n g  s o i l s  conf i r ms  t h e  c o n t r o l  o f  t o x i c  l e v e l s  o f  copper  and t o  a 
l e s s e r  deg ree  z i n c  over  t he  m i n e r a l i z e d  zone ( F i g s .  135,  136 and 137) .  
Eriachne mucronata and Polycarpaea glabray both c o n t a i n i n g  high amounts o f  
copper  and z i n c  in t h e i r  p l a n t  t i s s u e ,  a r e ,  t o g e t h e r  wi t h  t he  p i o n e e r  p l a n t s  
B u lb o s ty l is  bcxrbata and F im b r is ty l i s  sp. aff-. F, dichotomay t he  on l y  s p e c i e s  
a b l e  t o  s u r v i v e .
The miner a l  s t a t u s  o f  t he  s o i l ,  t h rough  i t s  i n f l u e n c e  on t he  
d i s t r i b u t i o n  o f  v e g e t a t i o n  u n i t s ,  i s  seen to  be an env i r onment a l  pa r a me t e r  
which c o n t r i b u t e s  t o  t he  v a r i e t y  and c h a r a c t e r  o f  t he  s p e c t r a l  s i g n a t u r e s  
r eco r ded  on c o l o u r  i n f r a - r e d  f i l m .  On t r a n s e c t  17,  t h e  q u a r t z i t e  i s  
d i s t i n g u i s h e d  from t he  a d j a c e n t  c a l c - s i l i c a t e  rocks  by t h e  mi ne r a l  s t a t u s  
of  t he  s u r f a c e  s o i l  envi ronment  where z i n c  va l ue s  in s o i l  samples  a r e  
high ( F i g .  136) ,  w h i l s t  i r o n  va l ue s  a r e  r e l a t i v e l y  low ( Fig .  137) .  The 
c o n t r a s t  between t h e  two e nv i r onmen t s ,  which d i s p l a y  d i f f e r e n t  s p e c t r a l  
s i g n a t u r e s  on i n f r a - r e d  c o l o u r  imagery,  i s  e s p e c i a l l y  n o t i c e a b l e  in t he  
z inc  c o n t e n t  o f  T riod ia  pungens (F ig .  1 3 6 ) , t he  a c i d  env i r onment  and
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a s s o c i a t e d  l ower  pH o f  t h e  q u a r t z i t e  s o i l s  p o s s i b l y  p r o v i d i n g  an 
e x p l a n a t i o n  f o r  t h e  much lower  l e v e l s  o f  z i n c  w i t h i n  t h e  p l a n t  t i s s u e  
ove r  t h i s  a r e a .
The d i s t r i b u t i o n  o f  s p e c t r a l  s i g n a t u r e s  and v e g e t a t i o n  u n i t s  w i t h i n  
t h e  f rame a r e a  i s  c l e a r l y  r e l a t e d  t o  s o i l  p r o p e r t i e s .  Domi nant ly  b l u e  g r ee n  
s i g n a t u r e s  in t he  n o r t h  and wes t  a r e  a s s o c i a t e d  wi t h  t h i n ,  s k e l e t a l  s t o n y  
s o i l s  ove r  n e a r  s u r f a c e  bedrock  where t h e  ground v e g e t a t i o n  i s  domina t ed  
e i t h e r  by T r io d ia  pungens o r  a s p a r s e  c ove r  o f  Enneapogon p o ly p h y l lu s .
On t h e  rounded we s t e r n  h i l l s ,  composed o f  q u a r t z i t e  and c a l c - s i l i c a t e  r o c k s ,  
and a s s o c i a t e d  c o l l u v i a l  f o o t s l o p e s ,  an a s s o c i a t i o n  o f  Eucalyptus  
arg illaceO y E. b r e v i f o l i a  and Enneapogon p o ly p h y llu s i s  domi na n t ,  t he  
l a t t e r  s p e c i e s  o f t e n  o c c u r r i n g  wi t h  Sporobolus a u s tr a la s ic u s and g i v i n g  
r i s e  t o  t h e  r ed  p u r p l e  s i g n a t u r e s  p r e s e n t  w i t h i n  many o f  t h e  r e c o g n i s e d  
s p e c t r a l  u n i t s .  In t h e  n o r t h ,  more rugged d i s s e c t e d  t e r r a i n ,  on d o m i n a n t l y  
l imy c a l c - s i l i c a t e  r o c k s ,  c h a r a c t e r i s e d  by an a s s o c i a t i o n  o f  Eucalyptus  
a r g i l la c e a y  E. te rm in a lisy  Acacia ch ish o lm ii and T r io d ia  pungens i s  
a s s o c i a t e d  wi t h  d a r k e r  b l ue  g reen  s i g n a t u r e s  o r  t h e  w h i t i s h  b l u e  s i g n a t u r e s  
o f  b a r e  ground and r ock  s u r f a c e s .
On t h e  l e v e l  f l o o d p l a i n  a r e a ,  s ou t h  o f  t h e  r i v e r i n e  c ommun i t i e s ,  f i n e  
a l l u v i a l  s o i l s  s u p p o r t  a v a r i e d  combi na t i on  o f  r e l a t i v e l y  h i gh  i n f r a - r e d  
r e f l e c t i n g  g r a s s  s p e c i e s ,  w h i l s t  on a r e a s  o f  h i g h e r  ground o r  n e a r  s u r f a c e  
b e d r o c k ,  t h e  t h i n n e r  sandy s o i l s  a r e  c h a r a c t e r i s e d  by o f t e n  a dense  sh rub  
l a v e r  o f  A cacia  c h is h o lm ii  ^ growing in a s s o c i a t i o n  wi t h  Eucalyptus a r g i l la c e a y  
E. te r m in a l is and T r io d ia  pungens. S o i l s  wi t h  a h i gh  i r o n  c o n t e n t  and 
s i g n i f i c a n t  amounts  o f  r emnant  l a t e r i t i c  g r a ve l  a r e  i n d i c a t e d  by t h e  
d i s t i n c t  p u r p l e  s i g n a t u r e  and p h o t o p a t t e r n  mosa i c  o f  t h e  a s s o c i a t i o n  
domina t ed  by t h e  t r e e  s p e c i e s  Acacia canibagei. El sewhere  on t h e  l e v e l  
g r ound ,  r ed  sandy c l a y  loams s u p p o r t  an a s s o c i a t i o n  o f  Eucalyptus
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arg i l la cea y  E. t e r m in a l is y Eriachne dominii and Sporobolus a u s tra la s ic u s  
whose s i g n a t u r e s  a r e  r e a d i l y  i d e n t i f i e d  by t he  s t r i k i n g  r ed  pu r p l e  and 
v i o l e t  t one s  r e c o r de d  on t he  c o l o u r  i n f r a - r e d  imagery.  Wi thin f l o o d p l a i n  
d e p r e s s i o n s  and o l d  d r a i n a g e  c o u r s e s ,  heavy g r e y ,  deep a l l u v i a l  s o i l s  
s u b j e c t  t o  wa t e r l o g g i n g  and c r a c k i n g  a r e  c h a r a c t e r i s e d  by an a s s o c i a t i o n  
o f  Eucalyptus a rg i l la c e a y  E, te rm in a l i s y A ta laya  hemiglaucay Themeda 
a u s tr a l i s y  Chrysopogon f a l l a x . These a r e a s  p r ov i de  a r ange  o f  s i g n a t u r e  
t o n e s ,  f rom t he  da r k  b l ue  o f  exposed b l ack  c l a y  t o  t he  r ed p u r p l e s ,  
v i o l e t s  and v i o l e t  b l u e s  of  high i n f r a - r e d  r e f l e c t i n g  t a l l  g r a s s  s p e c i e s  
such as  Cenchrus p e n n is e t i fo r m is y Bothriochloa evjartianay E u la l ia  fulvOy 
Themeda a u s t r a l i s  y Chrysopogon f a l l a x  and Sehima nervosum.
Soi l  c o n d i t i o n s  t h e r e f o r e ,  e s p e c i a l l y  in r e l a t i o n  t o  t h e i r  mi ne r a l  
s t a t u s  and m o i s t u r e  be a r i n g  c a p a c i t y ,  l a r g e l y  de t e r mi ne  t he  s p e c t r a l  
s i g n a t u r e  and v e g e t a t i o n  u n i t  d i s t r i b u t i o n  w i t h i n  t h i s  a r e a .  The most  
s t r i k i n g  example i s  p r o v i d e d ,  however ,  by t he  s i g n i f i c a n t  anomalous 
c o n c e n t r a t i o n s  o f  copper  and t o  a l e s s e r  degree  z i n c  in t h e  s u r f a c e  s o i l  
over  m i n e r a l i z e d  bedrock t h a t  a r e  r e s p o n s i b l e  f o r  a c h a r a c t e r i s t i c  p l a n t  
a ssemblage  which produces  a unique  s p e c t r a l  s i g n a t u r e  on f a l s e  c o l o u r  
i n f r a - r e d  f i l m.
/
8 . 3  The Megaphone Mine a r e a
The Megaphone copper  mine i s  s i t u a t e d  in t he  ext reme n o r t h  wes t  o f  
t he  f l i g h t  b l ock  (Fig ,  9) where m i n e r a l i z a t i o n ,  commonly a s s o c i a t e d  wi t h  
t h e  l a t e r  i n t r u s i o n  o f  d o l e r i t e  dykes and s i l l s ,  which we a t he r  t o  
a m p h i b o l i t e ,  i s  found w i t h i n  t he  Le i ch h a r d t  metamorphic f o r ma t i o n  ( F i g .  4) 
whose c o n s t i t u e n t  complex v a r i e t y  o f  d a c i t e ,  b a s a l t ,  s c h i s t ,  g n e i s s  
and mi gmat i t e  rocks  g i ve  r i s e  t o  h i l l y ,  rugged snd o f t e n  h i g h l y  d i s s e c t e d  
t e r r a i n .  To t h e  no r t h  o f  t h e  Megaphone m i n e , l o c a t e d  a t  t he  n o r t h e r n
356
e x t r e m i t y  o f  a n o r t h  south  d o l e r i t e / a m p h i b o l i t e  dyke t h e  d i s t r i b u t i o n a l  
r e l a t i o n s h i p  between v e g e t a t i o n  u n i t s  and phys i c a l  env i r onmen t a l  p a r a me t e r s  
was examined in l i g h t  o f  p o s s i b l e  d e t e c t i o n  o f  a c o n t i n u a t i o n  o f  
m i n e r a l i z a t i o n .
8 . 3 . 1  The d i s t r i b u t i o n  o f  v e g e t a t i o n  a s s o c i a t i o n s  and p l a n t  communi t i e s 
and t h e i r  r e l a t i o n s h i p  wi t h  t he  phys i c a l  envi ronment  i n c l u d i n g  t he  
mi ne r a l  s t a t u s  o f  t he  s o i l
Wi thin t h i s  a r e a ,  t h e  dominant  Eucalyptus ca^gillaceay Acacia c h ish o lm iiy 
T riod ia  pungens a s s o c i a t i o n  i s  r e p l a c e d ,  u s u a l l y  over  q u a r t z i t e  o u t c r o p s  and 
t h e i r  r e l a t e d  s l o p e s ,  by an a s s o c i a t i o n  o f  Eucalyptus h r e v i fo l ia y  T r io d ia  
pungens where s o i l  c o n d i t i o n s  become a c i d i c .  The f r e que nc y  d i s t r i b u t i o n  
of  p l a n t  s p e c i e s  a long  t r a n s e c t  20,  l o c a t e d  a c r o s s  t he  g e o l o g i c a l  s t r i k e  
t o  t h e  n o r t h  o f  t h e  Megaphone mine ( Fig .  9 ) ,  r e v e a l s  no d i s t i n c t  p l a n t  
anomaly r e l a t e d  t o  anomalous c o n c e n t r a t i o n s  o f  metal  in t he  s u r f a c e  s o i l  
(Fig .  138) .  However,  t he  d i s t r i b u t i o n  and r e l a t i v e  dominance o f  p l a n t  
s p e c i e s  i s  c l e a r l y  r e l a t e d  t o  t he  ne a r  s u r f a c e  bedrock ,  mant l ed  on l y  by 
s k e l e t a l  r ed sandy s o i l s .
The T rio d ia  pungens dominated ground v e g e t a t i o n  i s  o f t e n  r e p l a c e d  
in smal l  oval  a r e a s ,  c h a r a c t e r i s t i c a l l y  devoid o f  t r e e s  and s h r u b s ,  by a 
c ombi na t i on  o f  Enneapogon p o ly p h y l lu s y Tripogcn l o l i i formasy F im b r is ty l i s  
sp.  af f .  F. dichotoma and Polycarpaea synandra s p e c i e s .  As Polycarpaea  
synandra var. g r a c i l i s  has been i d e n t i f i e d  wi th l e a d / z i n c  m i n e r a l i z a t i o n  
in t he  Bulman-Waimuna Spr i ngs  a r e a  o f  t he  Nor thern  T e r r i t o r y  (Cole e t  
al  1968) ,  t h e  l a t t e r  s p e c i e s  was c o n s i d e r e d  as a p o s s i b l e  i n d i c a t o r  p l a n t .  
Al though t he  maximum o c c u r r e n c e  o f  t h i s  s p e c i e s  i s  c o i n c i d e n t  wi t h  a weak 
z i n c  peak of  120 ppm and s l i g h t l y  h i g h e r  s o i l  copper  v a l u e s ,  compared wi t h
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FIGURE 140 The z i nc  c o n t e n t  o f  t h e  p l a n t  t i s s u e  o f  s e l e c t e d  s p e c i e s  
sampled a l ong  t r a n s e c t  20 in r e l a t i o n  to the  ge oc hemi s t r y  
o f  t he  s u r f a c e  s o i l
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FIGURE 141 The copper  c o n t e n t  o f  t he  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c i e s  sampled a long  t r a n s e c t  20 in r e l a t i o n  to 
t he  ge oc hemi s t r y  o f  t he  s u r f a c e  s o i l
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FIGURE 142 The c o b a l t  c o n t e n t  o f  t he  p l a n t  t i s s u e  o f  s e l e c t e d  
s p e c i e s  sampled a long  t r a n s e c t  20 in r e l a t i o n  to 
t he  ge oc hemi s t r y  o f  t he  s u r f a c e  s o i l
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FIGURE 143 The i r o n  c o n t e n t  o f  t he  p l a n t  t i s s u e  o f  s e l e c t e d  s p e c i e s  
sampled a long  t r a n s e c t  20 in r e l a t i o n  to t he  ge oc hemi s t r y  
o f  t he  s u r f a c e  s o i l
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a d j a c e n t  a r e a s ,  no d i r e c t  r e l a t i o n s h i p  was e v i d e n t  between p l a n t  d i s t r i b u ­
t i o n ,  minera l  s t a t u s  o f  t he  s o i l  and bedrock m i n e r a l i z a t i o n .
Eriachne mucronata^ an i n d i c a t o r  p l a n t  in o t h e r  a r e a s ,  i s  s p a r s e l y  
d i s t r i b u t e d  t h r oughou t  t he  t r a n s e c t  and y e t  s i m i l a r l y  no t  a s s o c i a t e d  wi th  
any n o t i c e a b l e  s u r f a c e  s o i l  geochemical  anomaly.  I n d i c a t o r  s p e c i e s  
o c c u r r i n g  over  m i n e r a l i z a t i o n  t hus  appear  t o  be d i s t i n c t  e c o t ype s  
deve loped in r es pons e  t o  c o n d i t i o n s  o f  metal  t o x i c i t y .  In t h i s  e nv i r onmen t ,  
t o g e t h e r  wi t h  F im b r is ty l io  sp,  af f .  F. dichotoma^ Eriachne im cronata  occur s  
as  a p i o n e e r  p l a n t ,  t a k i n g  advantage  o f  smal l  pa t ches  o f  ba re  sandy ground
I
where p l a n t  p o p u l a t i o n  p r e s s u r e  a ppear s  t o  be reduced.
The banded r h y o l i t e s  s up p o r t  a c h a r a c t e r i s t i c  v e g e t a t i o n  o f  
Eucalyptus a rg illacea^  dominant  over  an open and f r e q u e n t l y  banded 
Cassia he lm sii  shrub l a y e r  where Acacia phlehocarpa  oc c ur s  as  a s u b s i d i a r y  
s p e c i e s .  A dense  ground l a y e r  o f  T riod ia  punge?2s  i s  f r e q u e n t l y  banded 
in a s s o c i a t i o n  wi t h  t he  bed rock ,  t he  prominent  i n t e r s t i t i a l  a r e a s  be ing 
dominated by Enneapogon polyphyllus^  A ris tid .a  c o n to r ta ,  Aerva p e r s ic a  and 
F im b r is ty l i s  sp. af f .  F. dichotoma  ( F ig .  138) .  Higher  o v e r a l l  l e v e l s  o f  
t r a c e  e l e m e n t s ,  e s p e c i a l l y  c oppe r ,  o c c u r r i n g  in t he  s u r f a c e  s o i l  a r e  
p r obab l y  r e l a t e d  t o  bedrock mi ne r a l ogy ,  as t he  d i s t i n c t  p a t t e r n  o f  rock 
banding i s  r e v e a l e d  by v a r i a t i o n s  o f  copper  c o n t e n t  in t he  s u r f a c e  s o i l  
as  wel l  as  ground v e g e t a t i o n .  Each band o f  rock  o u t c r op  and T rio d ia  
pungens,  c o r r e s ponds  t o  a lower  l eve l  o f  copper  in t he  s u r f a c e  s o i l ,  
compared wi t h  t h e  smal l  copper  peaks a s s o c i a t e d  wi th  t h e  i n t e r s t i t i a l  a r e a s  
where Enneapogon p o lyp h y llu s  i s  dominant .  Cassia h e lm sii  a l s o  oc c ur s  
c o n c e n t r a t e d  i n t o  bands a t  t he  boundary zone between t h e  T rio d ia  pungens 
and E?ineapogon p o ly p h y llu s ,  where t he  i n c i de n c e  o f  Eucalyptus te rm in a l is  
t r e e s  i s  a l s o  more common. Tne u nde r l y i ng  geology t hus  c l e a r l y  i n f l u e n c e s  
t he  d i s t r i b u t i o n  o f  p l ank communi t i es  by i t s  e f f e c t  on t he  mi ne r a l  s t a t u s  
o f  t he  s o i l  .
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The u n d i f f e r e n t i a t e d  d a c i t e ,  r h y o d a c i t e  and r e l a t e d  sed i ment s  s up p o r t  
a s i m i l a r  but  b r oade r  d i s t r i b u t i o n  o f  p l a n t  s p e c i e s  wi th  Eucalyptus  
ax’g i l l a c e a  dominant  over  a s p a r s e  shrub l a y e r  o f  Acacia phlehocarpa and 
Cassia pruinosa, t he  l a t t e r  s p e c i e s  pr ominent  in a boundary zone a d j a c e n t  
t o t he  banded r h y o l i t e s .  A s p a r s e  ground l a y e r  o f  T riod ia  pungens and 
F im h r is ty l i s  sp. af f .  F. dichotoma i s  i n t e r s p e r s e d  wi t h  s m a l l ,  o v a l ,  
p r e domi nan t l y  ba re  sandy a r e a s ,  devoid  o f  t r e e s  and s h r u b s ,  where 
Polycœ-^paea sy7%andra, Enneapogon p o ly p h y l lu s ,  Tripogon lo l i i f o r m i s and 
Sporobolus ae tin oeladus a r e  dominant .
The a l l u v i a l  f l o o d p l a i n  s u p p o r t s  a c h a r a c t e r i s t i c  dense growth of  
Dicarithium tenuiculum. D acty loctenivjn radulans, E ra g ro s t is  lacunaria ,  
A r is t i d a  co n to r ta and F im b r is ty l i s  sp. a f f .  F. dichotoma r e f l e c t i n g  t he  
g r e a t e r  mo i s t u r e  a v a i l a b i l i t y  and h i g h e r  s i l t  c l a y  c o n t e n t  o f  t he  deep 
s o i l s  o f  t h i s  env i r onment .  The a c t u a l  sandy channel  beds a r e  c h a r a c t e r i s e d  
by a growth o f  Themeda a u s t r a l i s ,  Chrysopogon f a l l a x  and Heteropogon 
con tor tu s . In t he  ext reme we s t ,  a mp h i b o l i t e  bedrock’ s u p p o r t s  a d i s t i n c t  
a s s o c i a t i o n  o f  s p e c i e s  dominated by Eucalyptus a r g i l la c e a and a dense  
shrub l a y e r  o f  Eremophila lo n g i fo l ia . On t h i s  rock t ype  T rio d ia  pungens 
i s  v i r t u a l l y  r e p l a c e d  in t he  ground v e g e t a t i o n  by t he  dominant  s p e c i e s  
Enneapogoyi po lyphy I lu s.
The computer  p r i n t - o u t  h i s t og r ams  showing t he  amounts o f  l e a d ,  z i n c ,  
c oppe r ,  c o b a l t  and i r on  in t he  p l a n t  t i s s u e  o f  t r e e ,  shrub and herb s p e c i e s  
and in t h e  minus 80 f r a c t i o n  o f  t he  s u p p o r t i n g  s o i l s  conf i r ms  t he  absence  
o f  geochemical  and b i ogeochemica l  anomal ies  wi t h i n  t he  v i c i n i t y  o f  t h e  
Polyccæpaea synandra dominated p l a n t  communi t i es  ( F i g s .  139,  140,  141,
142 and 143) ,  However i t  i s  s t r i k i n g  t h a t  t h e  s p e c i e s  Polycarpaea  
synandra c o n t a i n s  such l a r g e  amounts o f  i r o n ,  wi th  a maximum v a l u e  a t t a i n i n g  
1,660 ppm, and i t  i s  p o s s i b l e  t h a t  t he  v a r i a b l e  upt ake  o f  a v a i l a b l e  i r o n
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from th e  s o i l  i s  a c o n t r i b u t a b l e  f a c t o r  r e l a t i n g  to the d i s t r i b u t i o n  of  
t h i s  s p e c ie s .
In conc lu s ion ,  no r e l a t i o n s h i p  appears to e x i s t  between the 
d i s t r i b u t i o n  of  Polyccæ paea synandra  and the co n t in u a t io n  of  bedrock 
m i n e r a l i z a t i o n  and r e l a t e d  geochemical su r face  so i l  anomalies w ith in  t h i s  
a rea  and in t h i s  i n s t a n c e ,  the  spec ies  does not occur as an i n d i c a t o r  o f  
m i n e r a l i z a t i o n ,  un less  an i n d i r e c t  r e l a t i o n s h i p  e x i s t s  with metal 
c o n c e n t ra t io n  a t  depth.  However, the v ege ta t ion  u n i t s  occur r ing  w i th in  
t h i s  a rea  are  c l e a r l y  r e l a t e d  to  the prominent under ly ing geology and 
a s s o c i a t e d  mineral  s t a t u s  of  the  s o i l .
8.4 The Hardway Extension area
The Hardway Extension mine i s  s i t u a t e d  to  the nor th  west of  Mary 
Kathleen (Fig.  9) and under la in  by c a l c - s i l  i c a t e  rocks of  the  Corel l a  
fo rmat ion  which give r i s e  to low, undula t ing  t e r r a i n  broken only by 
r e s i s t a n t  r id g es  of  q u a r t z i t e .  M in e ra l iza t io n  w ith in  t h i s  a rea  i s  
a s s o c i a t e d  with the  i n t r u s i o n  o f  do le r i te ' -dykes  and the  occurrence o f  
j a s p e r  zones ,  many of which are  r i c h  in copper.  Such a zone extends to  
the  nor th  from the  Hardway Extension mine where a v e g e ta t io n  anomaly 
provides  s u r face  express ion  of  copper m i n e r a l i z a t i o n .
8 .4 .1  The d i s t r i b u t i o n  of  vege ta t ion  a s s o c i a t i o n s  and p la n t  communities 
and t h e i r  r e l a t i o n s h i p  with the  physical  environment i ncluding 
the mineral  s t a t u s  o f  the so i l
The f requency d i s t r i b u t i o n  of  p la n t  spec ies  along t r a n s e c t  13 (Fig .  144) 
r e v e a l s  t h a t  the  replacement of  the  E u c a lyp tu s  a r g i l la c e a .  A c a c ia  c h is h o lm i i ,  
T r io d ia  pungens  a s s o c i a t i o n  and Enneapogon n o h y p h y llu s  by the  E riachne
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s e l e c t e d  s p e c i e s  sampled along  t r a n s e c t  4 3 
in r e l a t i o n  to the  geochemis t ry  o f  th e  s u r f a c e  
s o i l
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mucronata^, P o ly c a rp a e a  g la b r a .  F i m b r i s t y l i s  s p . a f f .  F, d ic h o to m a  p l a n t  
community i s  c o i n c i d e n t  w ith  anomalous c o n c e n t r a t i o n s  o f  copper  and c o b a l t  
in th e  s u r f a c e  s o i l s .  Anomalous s u r f a c e  s o i l  copper v a lu es  exceed 3,500  
ppm and c o b a l t  2,800 ppm (-270 f r a c t i o n )  over m i n e r a l i z e d  j a s p e r ,  w ith  
va lu e s  d e c r e a s i n g  q u i t e  s h a r p l y  where r e s i d u a l  m a te r i a l  covers  q u a r t z i t e  
and c a l c a r e o u s  sed im en ts .
West o f  t h e  lode zone,  q u a r t z i t e  s u p p o r t s  a ground v e g e t a t i o n  o f  
dominantly  Enneapogon p o ly p h y l lu s  and F i m h r i s t y l i s  s p . a f f .  F. d ich o to m a  
with  A ta la y a  h em ig la iica  occupying d r a in a g e  l i n e s  and C a ss ia  h e lm s i i  t h e  
i n t e r v e n i n g  i n t e r f l u v e s .  Geochemical d i s p e r s i o n  from the  d r a in a g e  c h a n n e l s ,  
f low ing  to  the  west  o f f  th e  lode o u tc ro p ,  i s  p robab ly  r e s p o n s i b l e  f o r  
th e  r e l a t i v e l y  high s u r f a c e  copper  and c o b a l t  s o i l  v a lues  and the  high 
in c id e n c e  o f  th e  p io n e e r  p l a n t  F i m b r i s t y l i s  s p . a f f .  F. d icho tom .a  and 
s p o ra d i c  o c cu r ren c e  o f  E r ia c h n e  m u cro n a ta  w i th i n  them.
To th e  e a s t  o f  th e  lode  zone,  a c reek  s lope  cu t  i n t o  c a l c a r e o u s  
sed im ents  s u p p o r t s  a dominant growth of  T r io d ia  pungens  and A c a c ia  
c h is h o lm i i  a t  the  expense of Enneapogon p o ly p h y l lu s  which becomes dominant 
t o g e t h e r  w ith  A r i s t i d a  c o n to r ta  on th e  i n t e r f l u v e .  Small d r a in a g e  c o u r s e s  
a r e  c h a r a c t e r i s e d  by B o th r io c h lo a  e w a r tia n a y  Emteapogo7i o b lo n g u s , Seh im a  
nervosum  and Themeda a u s t r a l i s .
The computer  p r i n t - o u t  h is tog ram s  f o r  t r a n s e c t  13 showing th e  amounts 
o f  coppe r ,  c o b a l t ,  l e a d ,  z inc  and i ron  in th e  p l a n t  t i s s u e s  o f  t r e e ,  sh rub ,  
and herb s p e c i e s  and in th e  minus 80 and minus 270 f r a c t i o n s  o f  th e  
s u p p o r t in g  s o i l s  conf irms  th e  c o n t ro l  o f  t o x i c  l e v e l s  o f  copper  and c o b a l t  
over  t h e  m i n e r a l i z e d  zone where on ly  E r ia c h n e  m u cro n a ta  and P o ly c a rp a e a  
g la b r a  t o g e t h e r  w ith  F i m o r i s t y l i s  s p . a f f .  F, d ic h o to m a  a r e  a b l e  to  
s u r v i v e ,  (F ig s .  145,  140,  147,  148 and 149).
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The geochemical  s o i l  d a t a  f o r  t h e  t h r e e  t r a v e r s e s  (F ig s .  150,  151,  
and 152) revea l  t h a t  s i g n i f i c a n t  copper  and c o b a l t  anomalies  e x i s t  
t h r o u g h o u t ,  and a l s o  a t  th e  n o r th e r n  and so u th e rn  e x t r e m i t i e s  o f  th e  anomalous 
p l a n t  community. Copper c o n c e n t r a t i o n s  i n c r e a s e  to  t h e  n o r th  with  a 
maximum va lue  o f  10,600 ppm being a t t a i n e d  on t r a v e r s e  J (F ig .  150) and to  
t h e  sou th  w i th  a maximum va lue  o f  .8,500 ppm on t r a v e r s e  K (F ig .  151) .  The 
Hardway Extens ion  mine and r e l a t e d  p l a n t  anomaly i s  an o f f s h o o t  o f  the  
main Hardway copper mine v/hich i s  s i t u a t e d  a lm os t  immediately  t o  t h e  n o r t h ,  
p robab ly  e x p l a i n i n g  th e  n o r th e r n  in c r e a s e  in s u r f a c e  copper  s o i l  v a l u e s .
The geochemical  s o i l  and a s s o c i a t e d  p l a n t  anomaly would p robab ly  be 
con t in u o u s  between th e  two mines i f  n o t  f o r  t h e  major d i s t u r b a n c e  o f  an 
i n t e r v e n i n g  c reek  and mining a c t i v i t y .
The geochemical  t r a v e r s e  d a t a  t h ro u g h o u t  t h e  g eo b o ta n ic a l  anomaly i s  
c o n s i s t e n t  w i th  t h e  main t r a n s e c t  13,  i n d i c a t i n g  a c l e a r  r e l a t i o n s h i p  
between geo logy ,  bedrock m i n e r a l i z a t i o n ,  s o i l  geochem is t ry  and s u r f a c e  
v e g e t a t i o n .  In c o n c l u s i o n ,  i t  i s  t h e r e f o r e  e v i d e n t ,  from t h i s  a r e a ,  t h a t  
th e  d i s t r i b u t i o n  o f  v e g e t a t i o n  u n i t s  w i th in  a r eg io n  o f  m i n e r a l i z a t i o n  
must p r i m a r i l y  be c o n s id e re d  in r e l a t i o n  to  t h e  minera l  s t a t u s  o f  th e  
s o i l  a s  well  as  o t h e r  p a ram e te r s  which in f l u e n c e  th e  s o i l  and genera l  
ph y s ica l  env i ronment.
S tu d ie s  o f  the  m u l t i  s p e c t r a l  pho to graphy ,  in a s s o c i a t i o n  w i th  ground 
i n v e s t i g a t i o n s  w i th i n  th e  Black Rock - P i n n a c l e ;  Lady Vera and o t h e r  
l o c a l i t i e s  o f  m i n e r a l i z e d  and n o n -m in e ra l i z e d  t e r r a i n ,  conf irmed  t h a t  i t  
was p o s s i b l e ,  on th e  b a s i s  o f  e x t r a p o l a t i o n  from the  Dugald R ive r  a r e a ,  to  
i d e n t i f y  s i m i l a r  and c o n s e q u e n t ly  new s p e c t r a l  s i g n a t u r e s  on th e  c o l o u r  
i n f r a - r e d  su rvey  pho tography  o f  t h e  more d i v e r s e  p h y s ica l  env i ronment of
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FIGURE 150 The copper,  z in c ,  l e a d ,  c o b a l t  and iron  co n te n t  
o f  the su r f a c e  so i l  (minus 80 f r a c t i o n )  sampled 
along t r a v e r s e  J 
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FIGURE 151 The copper,  z in c ,  l e a d ,  c o b a l t  and i ron  c o n te n t  
o f  the  s u r face  so i l  (minus 30 f r a c t i o n )  sampled 
along t r a v e r s e  K
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FIGURE 152 The copper,  z in c ,  l e a d ,  c o b a l t  and i ron  co n ten t  
o f  the  su r fa c e  so i l  (minus 80 f r a c t i o n )  sampled 
along t r a v e r s e  I
3 78
the Mary Kathleen - Cloncurry r eg ion .  Although v a r i a t i o n s  of  s o i l ,  
l i t h o l o g y ,  r e l i e f  and dra inage  a l l  s i m i l a r l y  appear to  have some in f lu e n c e  
on the o v e ra l l  d i s t r i b u t i o n  of  s p e c t r a l  s i g n a t u r e s  and v e g e t a t i o n  u n i t s ,  
i t  was once more ev iden t  t h a t  the presence of  bedrock m i n e r a l i z a t i o n  could 
be e s t a b l i s h e d  through the  i d e n t i f i c a t i o n  on co lour  i n f r a - r e d  photography 
of  d i s t i n c t  s p e c t r a l  s i g n a t u r e s  r e v e a l in g  v a r i a t i o n s  in the  s p ec ie s  
composit ion of  th e  ground ve g e t a t i o n  which over the se  a rea s  a re  dominantly 
c o n t r o l l e d  by anomalous c o n c e n t r a t i o n s  of  t r a c e  elements in the  su r fa c e  




S tud ie s  o f  mul t i  s p e c t r a l  photography acqu i red  w i th in  the  Dugald 
River  and Mary Kathleen - Cloncurry survey  a reas  o f  North West 
Queensland have shown t h a t ,  a t  both the  1:15,000 and 1:5,000 s c a l e ,  i t  
i s  p o s s i b l e  to recogn ise  the  in d iv id u a l  p l a n t  spec ie s  making up the 
ground v e g e t a t i o n ,  as well as the  v e g e t a t i o n  a s s o c i a t i o n s ,  by t h e i r  
d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  on the  t r u e  co lour  and i n f r a - r e d  f i l m s .  
C o n t r a s t s  between s i g n a t u r e s  were b e s t  d i sp layed  on the  f a l s e  co lour  
i n f r a - r e d  photography which covers the  v i s i b l e  and near  i n f r a - r e d  p a r t  
o f  the  spectrum in which p l a n t  r e f l e c t i v i t y  i s  most s e n s i t i v e  and 
consequen t ly  y i e l d s  most in fo rm a t io n .  D if fe rences  in r e f l e c t i v i t y  
between in d iv id u a l  p l a n t  s p e c i e s ,  and between he a l th y  p l a n t s  and those 
s u f f e r i n g  from the e f f e c t s  o f  d rought ,  d i s e a s e  o r  abnormal uptake o f  
minera l  n u t r i e n t  o r  t o x i c  e l em en t s ,  a r e  a l so  most marked in the  near  
i n f r a - r e d  p a r t  o f  the  spectrum where l i g h t  energy i s  r e f l e c t e d  by the  
spongy mesophyll t i s s u e  w i th in  the  l e a v e s .  The s u p e r i o r i t y  o f  co lour  
i n f r a - r e d  f i lm  f o r  s tudy ing  v e g e t a t i o n  r e s u l t e d  in i t s  c o n s i s t e n t  use 
f o r  the  r e c o g n i t io n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s .
C l a s s i f i e d  on the  ba s i s  o f  the  Royal H o r t i c u l t u r a l  Soc ie ty  co lou r  key, 
f o r ty - s e v e n  s p e c t r a l  s i g n a t u r e s  were i d e n t i f i e d  and i n t e r p r e t e d  from 
the  co lou r  i n f r a - r e d  photography o f  the  survey a rea s  and s u b s t a n t i a t e d  
in th e  f i e l d .
The s p e c t r a l  s i g n a t u r e s ,  i n t e r p r e t e d  from the  co lou r  i n f r a - r e d  
photography and mapped f o r  each area  o f  f i e l d  s tu d y ,  c l e a r l y  rev ea led  
the  d i s t r i b u t i o n  o f  v e g e t a t i o n  u n i t s ,  w^ ’ich by r e f e r e n c e  to  ground t r u t h  
i n v e s t i g a t i o n s  could f u r t h e r  be r e l a t e d  to  the i n f lu e n c e  and con t ro l  o f
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phys ica l  environmental  pa ram ete rs .  Except f o r  d e t a i l e d  i n v e s t i g a t i o n s  
in s p e c i f i c  a r e a s ,  the  1:15,000 mult i  s p e c t r a l  photography proved to  be 
the  most s u i t a b l e  f o r  the  r e c o g n i t i o n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  
s i g n a t u r e s ,  f o r  a t  the 1 :5 ,000 s c a l e ,  too much d e t a i l e d  in fo rm at ion  
over  a g r e a t l y  reduced a rea  o f t e n  confused the  r ec o g n i t io n  o f  s p e c t r a l  
s ig n a t u r e s  and i n t e r p r e t a t i o n  of  t h e i r  r e l a t i o n s h i p s  with the  phys ica l  
envi ronment.
Anomalous p l a n t  communit ies ,  forming s u r f a c e  exp res s ion  o f  both 
copper and l e a d / z i n c  lodes and r e l a t e d  geochemical s o i l  anom alies ,  
produce most c l e a r l y  a d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e  on f a l s e  c o lou r  
i n f r a - r e d  f i lm  which c o n t r a s t s  s h a rp ly  with t h a t  o f  a l l  o th e r  
i n t e r p r e t e d  s p e c t r a l  u n i t s  o c c u r r in g  th roughout  the  survey a r e a s .  On 
the  b a s i s  o f  the  i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s  d i sp la yed  by the  
co lou r  i n f r a - r e d  photography and a s s o c i a t e d  ground s t u d i e s  c a r r i e d  ou t  
in the  Dugald River  lode a r e a ,  i t  was p o s s i b l e  to recogn i se  s i m i l a r  
d i s t i n c t i v e  s p e c t r a l  s i g n a t u r e s  produced by anomalous p l a n t  
communities in o th e r  a rea s  o f  the  Dugald River  and Mary Kathleen - 
Cloncurry  reg ions  covered by the  survey  photography.  Wherever the se  
s i m i l a r  s p e c t r a l  s i g n a t u r e s  were i d e n t i f i e d ,  fo l low-up  f i e l d  
i n v e s t i g a t i o n s  revea led  the  p resence  o f  a geobotari ical  anomaly which was 
shown by the  a n a l y s i s  o f  p l a n t  and s o i l  samples to  be i n d i c a t i v e  o f  bed­
rock m i n e r a l i z a t i o n .
The r e c o g n i t i o n  and i n t e r p r e t a t i o n  o f  s p e c t r a l  s i g n a t u r e s  d i sp layed  
on the  co lour  i n f r a - r e d  photography a l s o  rev ea led  the  d i s t r i b u t i o n  o f  
c h a r a c t e r i s t i c  p l a n t  s p e c i e s ,  communities and v e g e t a t i o n  a s s o c i a t i o n s  
r e l a t e d  to  geology,  s o i l s  and o t h e r  s p e c i f i c  ground c o n d i t i o n s .  Strong 
c o n t r a s t s  between thp s i g n a t u r e s  o f  d i f f e r e n t  v e g e ta t i o n  a s s o c i a t i o n s
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were o f  p a r t i c u l a r  value and a s s i s t  geo log ica l  mapping in i n d i c a t i n g  the 
degree and na tu re  o f  the  cover of  s u p e r f i c i a l  m a te r ia l  ove r ly in g  bedrock.  
T r io d ia  ipwigens^ c h a r a c t e r i s t i c  o f  sandy s o i l s  over a rea s  o f  e i t h e r  
s u r f a c e  or  near  s u r face  bedrock ou tc rop ,  produces dark blue green 
s i g n a t u r e s  as opposed to  the  p ink ,  r ed ,  redd ish  pu rp le  o r  v i o l e t  element 
in the  s p e c t r a l  s i g n a t u r e s  o f  a l l  o th e r  g ras ses  which occupy a reas  o f  
covered ground,  and of  economic s i g n i f i c a n c e  a f fo rd  the b e s t  g raz ing .
The unique s ig n a t u r e s  produced by in d iv id u a l  and combinations o f  s o f t  
g rass  spec ie s  u s u a l ly  r e f l e c t  s o i l  and mois ture  cond i t ions  on the  i n t e r ­
f lu v e s  and o th e r  a rea s  o f  s u p e r f i c i a l  cover.
The composite s p e c t r a l  s i g n a t u r e s  o f  c h a r a c t e r i s t i c  ve g e t a t io n  
assoc ia t ions ,*  s o i l  and rock ty p e ,  perm i t  the r e c o g n i t io n  o f  in d iv id u a l  
geo log ica l  u n i t s  and s t r u c t u r e s .  D if fe rences  in s p e c t r a l  s i g n a t u r e  
r e l a t e d  to v a r i a t i o n s  in the d i s t r i b u t i o n  p a t t e r n  o f  the  in d iv id u a l  
tu ssocks  o f  T r io d ia  p u n g e n s  ^ f o r  example,  f a c i l i t a t e s  the  r e c o g n i t i o n  of  
i n d iv id u a l  bedrock u n i t s  such as q u a r t z i t e  and the  l imes tone  agglomera te  
w i th in  which the  s h a le  hos t  rock o f  the  Dugald River lode occurs .
S pe c t ra l  s i g n a t u r e s  a s s o c i a t e d  with  l i n e a r  banding o f  the t r e e  and 
shrub v e g e t a t i o n  may a l so  revea l  ind iv idua l  s t r a t i g r a p h i e  h o r iz o n s ,  as 
f o r  example w i th in  the  q u a r t z i t e  range west o f  the  Dugald River lode ,  
and o u t l i n e  f o ld  s t r u c t u r e s ,  as w i th in  the l imes tone  and s h a le  sequence 
south o f  t h i s  range.
Within the savanna g r a s s l a n d s  of  the b lack  s o i l  p l a in s  in the 
Dugald River and Mary Kathleen - Cloncurry survey  a r e a s ,  lozenge shaped 
p a t t e r n s  a re  formed on the  co lou r  i n f r a - r e d  photography by the  
c o n t r a s t i n g  s p e c t r a l  s i g n a t u r e s  o f  d i s t i n c t  p l a n t  communit ies .
R e p e t i t i v e  sequences o f  g ra s s  and herb communit ies ,  r e s p o n s ib l e  f o r  the
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d i s t i n c t  s i g n a t u r e  p h o to p a t t e r n ,  were seen to occupy d i s c r e t e  zones 
c h a r a c t e r i s e d  by p a r t i c u l a r  subsu r face  d ra inage  and s o i l  mois tu re  
c o n d i t io n s  a s s o c i a t e d  with th e  leng th  o f  time w ate r  l i e s  a f t e r  r a i n s .
The r e v e l a t i o n  o f  the se  p a t t e r n s  i s  im por tan t  to  an unders tand ing  o f  the 
v e g e t a t i o n ,  s o i l ,  mois tu re  r e l a t i o n s h i p s  o f  the  black s o i l  p l a i n s  which 
c o n s t i t u t e  l a rg e  a rea s  o f  va luab le  g raz ing  land.
Ground t r u t h  i n v e s t i g a t i o n s  o f  the  d i s t r i b u t i o n  o f  v e g e t a t i o n  
a s s o c i a t i o n s  and p l a n t  communit ies ,  revea led  on the  rn u l t i s p e c t r a l  
photography,  confirmed the  r e l a t i o n s h i p  between the  s p e c t r a l  s i g n a t u r e s ,  
i n t e r p r e t e d  from the  i n f r a - r e d  co lou r  f i lm ,  and the v e g e t a t i o n  u n i t s  
reco rded  on the  ground,  and e s t a b l i s h e d  the  mineral  s t a t u s  o f  the  s o i l  
as a dominant environmental  con t ro l  w i th in  the v i c i n i t y  o f  bedrock 
m i n e r a l i z a t i o n .  ïn o t h e r  a r e a s ,  the  dominant environmental  parameters  
c o n t r o l l i n g  the  d i s t r i b u t i o n  of  v e g e t a t i o n  u n i t s  were the  c h a r a c t e r i s t i c  
p r o p e r t i e s  o f  the  s o i l ,  e s p e c i a l l y  in r e l a t i o n  to  d ra inage  and t o t a l  and 
a v a i l a b l e  m ois tu re  fo r  p l a n t  growth,  r e l i e f  and geomorphology, a l l  o f  
which a re  r e l a t e d  to  the  v a r i e d  n a tu re  o f  the  under ly ing  geology ,  which 
o v e r a l l  has a dominant in f lu e n c e  w i th in  the  physica l  environment o f  t h i s  
r eg ion .
A dd i t ive  viewing enhancement t e c h n iq u e s ,  whereby two o r  more 
p o s i t i v e  o r  n ega t ive  f i l m  t r a n s p a r e n c i e s  a re  p r o j e c t e d  through d i f f e r e n t  
c o lour  f i l t e r s  and superimposed on a s c re e n ,  were u t i l i s e d  in s e l e c t e d  
a rea s  to  a s s i s t  in the  i n t e r p r e t a t i o n  o f  the m u l t i s p e c t r a l  photography.  
The b e s t  co lour  composites were produced f o r  the Roseby homestead a r e a ,  
where the  number of  i d e n t i f i a b l e  s p e c t r a l  s i g n a t u r e s  was in c re a s e d  by 
combining the  i n f r a - r e d  p o s i t i v e  co lour  f i lm  t r a n s p a r e n c i e s  and a red 
f i l t e r  with the  neg a t iv e  panchromatic t r a n s p a r e n c i e s  with  a ye l low
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or  green f i l t e r .  These co lou r  composites gave a unique and e a s i l y  
d isce rned  enhanced red s ig n a t u r e  to the m in e ra l i zed  t e r r a i n  in t h i s  a r e a ,  
a l though f o r  the  frame a rea s  as a whole,  the  i n t e r p r e t e d  s p e c t r a l  u n i t s  
were l a r g e r  and the boundaries  between them s im pler  than those  i n t e r p r e t e d  
from the  co lo u r  i n f r a - r e d  photography a lone .  This combination of  f i lm  
t r a n s p a r e n c i e s  and f i l t e r s  was p a r t i c u l a r l y  e f f e c t i v e  f o r  enhancing the 
crown c h a r a c t e r i s t i c s  o f  t r e e  spec ie s  and a c c en tu a t in g  the c o n t r a s t  
between v e g e ta t io n  and bare  ground.
Q u a n t i t a t i v e  s tu d i e s  o f  the  m u l t i s p e c t r a l  photography,  invo lv ing  
o p t i c a l  d e n s i t y  measurements c a r r i e d  ou t  on a m icrodens i tom ete r  over  
s e l e c t e d  t r a n s e c t  l i n e s ,  confirmed th e  s u p e r i o r  tonal  d i s c r i m in a t io n  
p r o p e r t i e s  of  f a l s e  c o lo u r  i n f r a - r e d  f i l m ,  e s p e c i a l l y  in the  i n f r a - r e d  
band where the  g r e a t e s t  v a r i a t i o n  in frequency magnitude was recorded  by 
the o p t i c a l  scan l i n e  d a t a .  Broad c o r r e l a t i o n s  between s i g n a t u r e s  
i n t e r p r e t e d  from the  co lou r  i n f r a - r e d  f i lm ,  v e g e t a t i o n  u n i t s  confirmed 
on the  ground and the s p e c t r a l  scan l i n e  da ta  enab led p l a n t  anomalies to  
be recognised  by a small r e f l e c t i o n  peak which e x h i b i t e d  r e l a t i v e l y  
uniform c h a r a c t e r i s t i c s  when the  graphed s p e c t r a l  da ta  f o r  d i f f e r e n t  
bands were superimposed.  Dominant a rea s  o f  T r io d ia  pungens  could a l so  
be d i s t i n g u i s h e d  by t h e i r  g r e a t  v a r i a t i o n  in f requency magnitude from 
the  h ighe r  i n f r a - r e d  r e f l e c t i o n  and s m a l l e r  f requency v a r i a t i o n  o f  a rea s  
dominated by s o f t  g ra s s  s p e c i e s .  S i m i l a r l y ,  dominant a rea s  o f  bare 
ground, c h a r a c t e r i s e d  by high r e f l e c t i o n  in the  blue band o f  the  i n f r a ­
red co lour  and red band o f  the t r u e  co lour  f i l m ,  were r e a d i l y  d e t e c t e d  
from the  s p e c t r a l  scan l i n e  d a t a .
At p r e s e n t  au tomatic  i n t e r p r e t a t i o n  o f  m u l t i s p e c t r a l  photography ,  
invo lv ing  s t a t i s t i c a l  c l u s t e r i n g  o f  s p e c t r a l  da ta  us ing an unsuperv iscd
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l e a rn in g  te chn ique ,  i s  s imple and f a i r l y  l i m i t e d ,  due to  the  poor s igna l  
to  no ise  r a t i o  im pair ing  a l i m i t  on the  maximum number o f  groups t h a t  can 
be c l a s s i f i e d .  However, the  technology i s  a t  the t h r e s h o l d  o f  
development and improvements in da ta  handl ing techn iques  hold c o n s id e ra b le  
promise f o r  the  rap id  p roduc t ion  o f  computer p r i n t - o u t s ,  c l a s s i f y i n g  and 
complete ly i n t e r p r e t i n g  whole frame a r e a s .  Such methods o f  image 
a n a l y s i s  w i l l  be complementary to  human i n t e r p r e t a t i o n  though,  u n t i l  they 
can match the in form ation  ga ined through a s t e r e o s c o p i c  examination o f  
co lou r  and b lack -and-w hi te  a e r i a l  photographs by eye a lone .
The o p t i c a l  d e n s i t y  measurements, produced f o r  each s p e c t r a l  band 
by the  m ic rodens i tom ete r ,  were a l s o  in c o rp o ra ted  i n t o  a computer 
c o r r e l a t i o n  m a t r ix ,  t o g e t h e r  with ground t r u t h  in fo rm a t io n ,  in o rd e r  to 
e s t a b l i s h  any r e l a t i o n s h i p s  between the  two s e t s  of  data t h a t  were not  
e v i d e n t  from observ ing  the photography and ground t r u t h  his tograms a lo n e .  
In a d d i t i o n  to  confi rming the  obvious c o r r e l a t i o n s ,  such as the 
r e l a t i o n s h i p  between i n d i c a t o r  s p ec ie s  and anomalous c o n c e n t r a t i o n s  o f  
metal in the  s o i l ,  the  c o r r e l a t i o n  m a t r ix  revea led  a p robable  r e l a t i o n s h i p  
between the amount o f  t o x i c  metal in the  s o i l ,  the  amount o f  to x i c  metal 
in the  i n d i c a t o r  p l a n t  t i s s u e  and h ighe r  r e f l e c t i v i t y  ( o p t i c a l  d e n s i t y )  
in a l l  s p e c t r a l  bands, bu t  e s p e c i a l l y  the  t r u e  c o lou r  g reen ,  panchromatic 
green and f a l s e  co lour  i n f r a - r e d  bands which s i g n i f i c a n t l y  a re  those  most 
a f f e c t e d  by r e f l e c t i o n  from v e g e ta t i o n  s u r f a c e s .
The c o r r e l a t i o n  c o e f f i c i e n t  da ta  sugges ts  t h a t  the  r e f l e c t i o n  peak 
recorded  f o r  the s ig n a t u r e  produced by a combination o f  bare ground and 
i n d i c a t o r  p l a n t s  i s  r e l a t e d  to  c o n c e n t r a t i o n s  o f  metal in the i n d i c a t o r  
p l a n t s  and s u r f a c e  s o i l s .  Although too g r e a t  a r e l i a b i l i t y  cannot  be 
p laced  on conc lus ions  der ived  from s t u d i e s  on on ly  two t r a n s e c t s ,  the
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r e s u l t s  i l l u s t r a t e  t h a t  t h i s  i s  a v i a b l e  techn ique  f o r  examining 
s i g n a t u r e s  i n t e r p r e t e d  from rnul t i s p e c t r a l  photography in r e l a t i o n  to  
m icrodens i tom ete r  o p t i c a l  d e n s i t y  measurements;  au tom at ic  machine 
i n t e r p r e t a t i o n s  based on s p e c t r a l  d a t a ;  ground t r u t h  records  o f  s u r f a c e  
ground cover and t r a c e  element a n a l y s i s  o f  su r fa c e  s o i l s  and p l a n t  
t i s s u e ,  and as such should form the  b a s i s  f o r  f u r t h e r  r e s e a r c h .
These s t u d i e s  under taken in the  Dugald River  and Mary Kathleen - 
Cloncurry  a re a s  o f  North West Queensland have demonstrated the  use o f  
m u l t i s p e c t r a l , and e s p e c i a l l y  f a l s e  co lo u r  i n f r a - r e d  pho to g rap h y , fo r  
i n v e s t i g a t i n g  the composit ion and occurrence o f  v e g e t a t i o n  u n i t s  and 
t h e i r  geograph ica l  d i s t r i b u t i o n  in r e l a t i o n  to  s p e c i f i c  environmental  
paramete rs  and no tab ly  bedrock m i n e r a l i z a t i o n .  The success  in 
i d e n t i f y i n g  anomalous p l a n t  communit ies forming s u r f a c e  exp res s ion  o f  
bedrock m i n e r a l i z a t i o n  sugges ts  t h a t  with adequate  r e s o l u t i o n ,  m u l t i ­
s p e c t r a l  photography,  in c on junc t ion  with  f - e i d  s tu d i e s  employing 
g e o l o g i c a l ,  geochemical and geobo tan ica l /b iogeochem ica l  te chn iques  can 
be e f f e c t i v e l y  used in mineral  e x p l o ra t i o n .
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L I S T  OF PLANTS
AMARANTACEAE
A erva  p e r s ic a  (Burm.f .)  Merr.
Gomphrena c o n ic a  Spreng.
Gcmphrena h u m it is  R. Br.
F t i l o t u s  c lem en b i'i  (Farmar) Beni .
P t i l o t u s  o b o v a tu s  (Gaud) F. Muell.
P t i l o t u s  ohova tiis  (Gaud) F. Muell .  vcœ. p c œ v i f lo r u s  (L i n d l . )  Beni 
P t i l o t u s  p o ly s ta o liy u s  (Gaud) F. Muell.
P t i l o t u s  s p ic a tu s  F. Muell ex Benth.
APOCYmCEAE
C a v issa  lo n o e o la ta  R. Br.
BORAGINEAE
H e lio tro p iu m  fc .s c ic u la t 'm  R. Br.
H e lio tr o p iim  te n u i fo l iu m  R. Br. ,
Tvichodesm a ze y la n ic u m  (Burm. f . )  R. Br.
CAPPARIDACEAE
Cleome v is c o s a  L.
CARYOPHYLLACEAE
P o lyca rp a ea  b r e v i f l o r a  F. Muell .
P o lyca rp a ea  g la b ra  C.T. Whi t e  & Fr a n c is
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Polycarpaea synandra  F . Muel l .
Polycarpojsa  synandva  F. Muell .  v a r . g r a c i l i s  Benth. 
æLASTRINEAE
May te n u s  cu nn ingham ii (F. Muell) Loes.
CHENOPODIACEAE
B a s s ia  b ic o r n i s  ( L i n d l . )  R.H. Anders
B a ss ia  Iccn icu sp is  (F. Muell ex Benth .)  F. Muell .
' Chenopodium rh a d in o sta ch yu m  F. Muell .
S a ls o la  k a l i  L.
COMBRETACEAE
T e rm in a lia  a r id i c o la  Domin.
COEVOLVULACEAE
E v o lv u lu s  a l s in o id e s  L. v a r . deciimbens (R. Br. ) O o s t r t r .  
CYPERACEAE
B u lb o s ty l i s  b a rb a ta  (R o t tb . )  C.B. Clarke 
C yperus c im n in g h œ n ii  C.A. Gardner 
F i m b r i s t y l i s  sp . A f f .  F. d icho tom a  Hook.
EEPIIORBIACEAE
E uphorb ia  a u s t r a l i s  Boiss .
Euphorbia, m i t c h e l l i a n a  Boiss .
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FICOIDEAE
T ria n th em a  t r i q u e ty^a (Vahl. )  R o t t l .  & Willd.  
œODENOVIEÂE
S c a e v o ta  d e n s e v e s t i ta  Domin.
GHAMINEAE
A r i s t i d a  hrowniccna Henr.
A r i s t i d a  c o n to r ta  F. Muell .
A s t r e h la  sq u a i'ro sa  C.E. Hubb.
Brachyachne eo nvergens  (F. M uell . )  S ta p f .  
B o th r io c h lo a  e w a r tia n a  (Domin.) C.E. Hubb. 
C enchrus p e n n is e t i fo y m is  Hochst.  & Steud ex Steud 
C K lo ris  p e c t in a ta  Benth,
C hrysopogon f a l l o x  S.T. Blake 
Cymbopogon am biguus A. Camus 
D a c ty lo cterdum  ra d u la n s  ( D e s f . ) Beauv.
D icœ ith iu m  te n u ic u lu m  (S teu d . )  S.T.  Blake 
Enneapogo?! a s p e ra tu s  C.E. Hubb.
Enneapogon avenaceus  (L i n d l . )  C.E. Hubb. 
Enneapogon o b lo n g u s  N.T. Burbidge 
Enneapogon p o ly p h y l lu s  (Domin.) N.T. Burbidge 
E r a g r o s t i s  d e ser to ru m  Domin.
E r a g r o s t i s  la c u n a r ia  F. Muell .
E r a g r o s t i s  s e t i f o l i a  (S teu d . )  Nees.
E ria ch n e  c i l i a t a  R. Br.
E ria ch n e  d o m in ii  Hartley
3 8 9
GRAMIEEAE ( C o n t i n u e d )
E ria ch n e  m ucronata  R. Br.
E u la l ia  f u l v a  (R. B r . ) 0. Kuntze 
H eteropogon c o n to r tu s  (L.)  Beauv. ex R. &S 
I s e i le m a  m acratherw n  Domin.
P e rO tis  ra ra  R. Br.
R h y n c h e ly trw n  repeyis (W i l ld . )  C.E. Hubb. 
R o t th o e l l i a  fo rm o sa  R. Br.
Sehim a nervosum  (R o t tb . )  S ta p f .
S p o ro b o lu s  a c tin o c la d u s  P. Muell .
S p o ro b o lu s  a u s t r a la s ic u s  Domin.
Therneda a u s t r a l i s  (R. Br. ) S tap f .
Tragus a n s tr a l ia n u s  S.T. Blake 
T rip o g o n  lo l i i f o r r n i s  ( F. Muel 1 ) C.E. Hubb. 
T r ir a p h is  m o l l i s  R. Br.
T r io d ia  pungens  R. Pr-
LABIATAE
0 airman sanctum  L.
LEGUMIEOSAE
A c a c ia  a sp e ru la c e a e  (A. Cunn. )• F.Muel 1. 
A c a c ia  b i d w i l l i  Benth.
A c a c ia  cam hagei R.T. Baker 
A c a c ia  c h is h o lm i i  P.M. B a i l .
A c a c ia  c o r ia c e a  D.C,
A c a c ia  fa r n e s ia n a  Willd.
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LEGUMIiWSAE (Contin ued)
A ca c ia  h em ig n o sta  F. Muell .
A c a c ia  h o to s e r ic e a  A. Cunn. ex G. Don.
A c a c ia  ly s o p h lo ia  F. Muell .  i
Acacia, p h leh o c a rp a  F. Muell .
A c a c ia  r e t i v e n e a  F. Muell .
A c a c ia  te n u is s im a  (A. Cunn. ex Benth.)  F. Muell ex Benth 
A c a c ia  v i c t o r ia e  (F. Muell) Benth.
A t y lo s ia  c in e r e a  F. Muell ex Benth.
BauJiinia c a r v o n i i  F . Muell .
C a ssia  h e lm s i i  Symon 
C a ss ia  n o t a b i l i s  F. Muell.
C a ss ia  p r u in o s a  F. Muell .
C r o ta la v ia  d i s s i t i f l o r a  Benth. v a r . ru g o sa  Benth. 
C r o ta la r ia  n o v a e -h o lta n d ia e  D.C.
C r o ta la r ia  t r i f a l i a s t r u m  Willd .
In d ig o f e r a  d o m in ii  H. E i c h le r  
In d ig o f e r a  l i n i f o l i a  Retz.
T e p h ro s ia  e r io c a r p a  Benth.
T e p h ro s ia  p u rp u rea  (L) Pers .  v a r . a x i l l a r i s  Bak.f .  
I'lALVACEAE
M alvastrum  s p ic a tw n  A. Gray 
S id a  a c u ta  Burm.
MYOPORIEEAE
E rem o p h ila  l a t r o b e i  F. Muell .
E rem oph ila  l o n g i f o l i a  F. Muell .
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MYRTACEAE
E u c a ly p tu s  a r g i l l a c e a  W.V. F i t z g .  
E u c a ly p tu s  h r c v i f o l i a  F. Muell . 
E u c a ly p tu s  cco n a ld u len sis  Dehnh. 
E u c a ly p tu s  papuana  F. Muell .  
E u c a ly p tu s  te r r n in a lis  F. Muell . 
M ela leu ca  o n g e n te a  W.V. F i t z g .  
M ela leu ca  b r a c te a ta  (Sm.) F. Muell .  
M ela leu ca  d i s s i t i f l o r a  F. Muell . 
T r i s t a n i a  g ra n d i f l o r a  Cheel
EYCTAGINEAE
Boevharroia d i f f u s a  L.
PQLYFODIACEAE (PTERIDOPUYTA)
C h e ilcü tth es  v e l l e a  (R. Br. ) F. Muell
PORTULACEAE
P o r tu la c a  s p . n o v .A .
P o r tu la c a  s p . n o v . B .
PROTEA CEAE
G r e v i l l e a  d r y a n d r i  R. Br.
G r e v i l l e a  nrim osoides R. Br.
Hakea su b e re a  S. Moore
3 9 2
RHAMNEAE
A lp h i to n ia  e x c e ls a  Reissek .
V e n tila g o  v im in a l i s  Hook
REBIACEAE
B o r r e r ia  a u stra licü L a  Specht .
SANTALACEAE
S o n ta lim  la n ce o la tu m  R. Br.
SAPIEDACEAE
A ta la y a  h em ig lauca  (F. Muell) F. Muell ex Benth 
SOLARACEAE
Solanw n e l l i p t i c i m  R. Br.
STERCELIACEAE
B ra c h y c h ito n  a u s tr a le  (S ch o t t  e t  E nd l .)  Ter race
YERBEEACEAE
C lerodendron  f lo r ib u n d u n  R. Br.
V i te x  ben tham iana  Poinin.
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